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PRESENT STATUS OF DIETARY TREATMENT OF DIABETES 


Before the advent of insulin, dietary 
regulation of patients with diabetes mellitus 
was the only available therapeutic measure. 
The underlying rationale of most diabetic 
diets of the time was a restriction of carbo- 
hydrate intake within the narrow and often 
unobtainable limits of tolerance of the 
patient. In the more severe diabetic patient 
the balance between profuse glycosuria and 
starvation was only achieved by the pre- 
occupation of physician and dietician with 
the meticulous regulation of carbohydrate 
intake. 

At first, the same dietary rigor was trans- 
ferred to patients receiving insulin, but it 
soon became apparent to most physicians 
that the general caloric content and the dis- 
tribution of major nutrients need not be 
different in diabetic patients as compared to 
the non-diabetic. Even without specific 
dietary rules, insulin proved effective in con- 
trolling the immediate symptoms of diabetes. 
As early as 1927 Stolte in Germany was 
allowing children the unrestricted selection 
of foods including sweets and cakes. It was 
rationalized that the appetite was an excel- 
lent signpost for food requirements. Lich- 
tenstein also took up the use of the “free” 
diet for diabetic children. For children, 
“free” diets have been advocated in this 
country principally by Guest and for adults 
by Tolstoi. These physicians have reported 
that the acute symptoms of diabetes were 
satisfactorily controlled on “free” diets and 
the freedom from irksome controls was con- 
sidered a major psychologic gain in han- 
dling children with diabetes. 

Others have expressed less satisfaction in 
the immediate results with the ‘‘free” diet. 
For instance, C. C. Forsyth, T. W. G. 
Kinnear and D. M. Dunlop (Brit. Med. J.1, 
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“ 


1095 (1951)) noted that out of 50 diabetie 
patients on a “‘free’’ diet there were five 
children and two young adults who experi- 
enced a progressive worsening of their 
diabetic state. Frequent insulin reactions led 
to a return to a controlled diet in another 
two. Dietary regulation was reinstituted in 
two more patients because of obesity. 

The major justification for dietary regula- 
tion of diabetic patients has shifted from the 
control of primary manifestations of the 
disease to the avoidance of the secondary 
complications. It is reasoned that the regu- 
larity of a specified diabetic diet permits a 
closer approximation to normal blood sugar 
levels without hypoglycemic attacks. Better 
control of blood sugar by some undisclosed 
mechanism forestalls the occurrence of 
atherosclerosis and specific diabetic vascular 
disease. Yet, despite the extensive clinical 
literature on the subject, it has been difficult 
to establish unequivocally that such a 
relationship exists. It is apparent to all that 
duration of diabetes is the most important 
factor determining the incidence of diabetic 
vascular lesions, and that even the best of 
diabetic control fails to guarantee immunity 
from these complications. There is suggestive 
evidence, however, that diabetic complica- 
tions are somewhat more frequent in patients 
showing persisting glycosuria and/or ketosis. 

It is improper to equate good control with 
the adherence to a formalized dietary pro- 
gram and poor control with the free selection 
of nutrients. Many diabetics of the so- 
called “‘brittle’’ type prove refractory to 
almost any rigid program of diet and insulin. 
Also, many patients in the “‘good’”’ control 
group would be so classified on either a 
“free” or controlled diet. Factors such as 
this make the evaluation of results difficult. 
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At least one author with an extensive 
experience with the “free” diet has advised 
against its use on the basis of frequent com- 
plications. G. Engleson (Acta Paediat. 43, 
389 (1954)) has examined the incidence of 
complications in 217 cases of diabetes oc- 
curring before the age of forty at Vaxjé, and 
in 42 diabetic children at Lund. Both groups 
had been treated during the ten years when 
use of the ‘‘free’’ diet prevailed. In the adult 
group, 
were found in two-thirds of the patients. 
Only 61% per cent of the patients who had 
had diabetes for more than ten years were 


one or more major complications 


free of complications. The juvenile group 
frequently demonstrated abnormalities of 
liver function, and normal growth was not 
always achieved. 

The frequency of discouraging 
led that 
“dietary restrictions should be observed in 


these 
results Engleson to conclude 
the management of diabetes, especially as a 
prophylactic measure against long-term 
diabetes.”” As in most studies of this prob- 
lem, the absence of a comparable control 
group which was treated with dietary’ re- 
strictions makes this conclusion open to 
question. 

A survey of members of the American 
Diabetes Association by 8. B. Beaser (New 
Engl. J. Med. 244, 714 (1951)) indicated 
that only a small percentage of these physi- 
cians were treating their patients by the 
‘free’ diet. In honesty it must be admitted 
that a high and largely undetermined per- 
centage of the diabetic population fail to 
follow prescribed diets. 

Much has been done to simplify and 
standardize dietary instructions by a joint 
committee of the American Diabetic Associ- 
ation and the American Dietetic Association 
(E. K. Caso, J. Am. Dietet. Assn. 26, 575 
(1950)). This 
found widespread acceptance in the majority 
of the hospitals in the United States and the 
teaching resources which are available have 
made practical dietetic instruction possible 
in the physician’s office. 


system of instruction has 
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The role of diet as a therapeutic tool has 
been re-emphasized by two recent articles 
authorized by the Council on Foods and 
Nutrition of the American Medical Associ- 
ation. The first of these concerns diet in 
childhood diabetics (R. L. Jackson, J. Am. 
Med. Assn. 168, 42 (1958)), and the second 
deals with diabetic diets in adults (W. H. 
Daughaday, J. Am. Med. Assn. 167, 859 
(1958)). 

Two aspects of the composition of the 
diabetic diet continue to receive attention. 
The first is the effort to provide carbohydrate 
in a form which can be better utilized by the 
diabetic than glucose. Fructose is known to 
be metabolized by the liver in the diabetic 
state at essentially normal rates. The com- 
paratively rapid rate at which fructose is 
converted to glucose by liver, intestine and 
perhaps other tissues in the diabetic makes 
the added expense of substituting fructose 
for glucose hardly practical. The possible 
usefulness of sorbitol in diabetic diets was 
first suggested by Thannhauser in 1929. 
Although this sugar alcohol the 
metabolic processes of the liver by conver- 


enters 


sion to fructose, its slow rate of intestinal 
absorption is advantageous in diabetes 
(Nutrition Reviews 14, 236 (1956); W. H. 
Olmsted, Diabetes 2, 132 (1953)). 

The blood sugar changes which occur in 
diabetic patients when eating 200 g. of an 
ice cream containing 36 g. of sorbitol have 
been reported by C. R. Shuman, R. L. 
Kemp, R. Coyne and M. G. Wohl (Am. J. 
Clin. Nutrition 4, 61 (1956)). In mild or mod- 
erately severe diabetic patients the feeding of 
sorbitol ice cream as an addition to the usual 
diet did not significantly alter the diurnal 
blood glucose values. There was a moderate 
rise in blood sugar in some patients with 
severe diabetes. E. P. Joslin (Treatment of 
Diabetes Mellitus, Tenth Edition, Lea and 
Febiger, Philadelphia, 1959) comments 
favorably on the use of sorbitol as a glucose 
substitute and sweetening agent in diabetic 
diets. Sorbitol would appear to have promise 
in providing slowly absorbed carbohydrate 
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between meals and at night for individuals 
prone to hypoglycemic attacks. 

The second aspect of the diabetic diet 
which has received current attention con- 
cerns the possible harmful effect of fat in 
the diabetic diet. The suspicion is widespread 
that the diets with a high proportion of 
calories as saturated fatty acids formerly 
advocated in diabetes may have promoted 
the development of atherosclerosis. The 
frequency with which diabetic 
patients fall victim to many of the complica- 
tions of atherosclerosis makes the possible 


enhanced 


role of diet in this process of great signifi- 
cance. The recent experimental findings 
demonstrating a cholesterol lowering effect 
of unsaturated fatty acids of the linoleic 
type (Nutrition Reviews 15, 1 (1957)) sug- 
gests that this information be translated 


into recommendations concerning the 
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sources of fat permitted a diabetic patient. 
However, direct evidence of the protective 
effects of unsaturated fatty acids upon the 
development of the atherosclerotic lesion in 
man is still lacking, making major qualitative 
shifts in fatty acid intake unjustified. 
Measures which achieve a moderate in- 
crease in unsaturated fatty acids without 
altering the type or taste of foods in the 
present menu can have little objection. This 
limited goal can be achieved by substituting 
certain vegetable oils and margarines of 
high content of unsaturated fatty acid for 
saturated fats widely used at present. It is 
hoped that clarification of this important 
question will soon be forthcoming. 
WiuuiaM H. DavuGuapay, M.D., 
Department of Internal Medicine, 
Washington University School of Medicine, 
St. Louis, Missouri. 


COMPARATIVE CHOLESTEROL LOWERING EFFECTS OF NIACIN AND 
DIETARY LIPIDS 


In human subjects fed a low-fat diet, the administration of ethyl stearate or hydrogen 
ated soybean oil caused a decrease in plasma cholesterol. Corn oil caused a decrease only 
in the beta-lipoprotein cholesterol, and niacin had no effect. 


Serum cholesterol levels vary throughout 
the world and are closely related to dietary 
fat intake according to A. Keys et al. (Clin. 
Chem. 1, 34 (1955); Nutrition Reviews 14, 
67 (1956)). The degree of unsaturation of 
the fat ingested appears to affect the choles- 
terol level (Nutrition Reviews 14, 327 (1956); 
15, 1 (1957); 16, 83 (1958)). 

The depression of serum cholesterol levels 
by corn oil cannot be entirely attributed to 
its content of unsaturated fatty acids in the 
opinion of E. H. Ahrens, Jr., et al (Lancet I, 
943 (1957)). 

The suggestion has been made by J. M. 
R. Beveridge, W. F. Connell, G. A. Mayer 
and H. Haust (Circulation 16, 491 (1957); 
Nutrition Reviews 14, 107 (1956)) that the 
plant sterol, sitosterol, might be the factor 
in corn oil responsible for reduction of 
plasma cholesterol. L. Hellman, R. 8. 


Rosenfeld, W. Insull, Jr., and E. H. Ahrens, 
Jr. (J. Clin. Invest. 36, 898 (1957)) observed 
that excretion of labeled cholesterol 
enhanced by corn oil feeding. The amount 
determined in the feces was found to be 
roughly equal to the decrease in serum 
cholesterol level. 

The influence of unsaturated fats on the 
decrease in serum cholesterol could result 
from the replacement of saturated fats by 
unsaturated fats, or it could be directly 
caused by the unsaturated fats. Experiments 
designed to study this question have been 
described by L. Horlick (Lab. Invest. 8, 723 
(1959)). In previous studies reported by 
Horlick and B. M. Craig (Lancet I, 566 
(1957)), the feeding of ethyl] linoleate added 
to a low fat diet produced no further reduc- 
tion in serum cholesterol. L. W. Kinsell, 
R. W. Friskey, G. D. Michaels and 8. 


was 
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Splitter (Lancet I, 334 (1958)) fed linoleic 
acid to two subjects and observed some 
decline in serum cholesterol in one. 

Among the factors the 
level of serum cholesterol are low fat diet, 


which decrease 
corn oil, niacin, sitosterol and estrogens. The 
fact that the cholesterol level cannot be re- 
duced beyond a certain limiting level sug- 
gests that endogenous control mechanisms 
Horlick 


at two questions; 


are operating. aimed his study 
one was concerned with 
the role of unsaturation of oils in depressing 
serum cholesterol and the other involved the 
use of niacin in an attempt to reduce choles- 
terol below the basal level. 

The subjects included student volunteers 
in good health, two post-polio patients, a 
patient with a leg injury and a housewife 
with xanthoma tendinosum. Experimental 
periods were preceded by a one-week control 
period during which time diet histories were 
kept by the subjects. The experimental diet 
was a basic low fat composite to which fats, 
fatty acid esters, and niacin were added. 
The subjects were weighed twice weekly and 
body weight was kept constant by varying 
the intake. and total 
cholesterol, phospholipid, lipoprotein choles- 


caloric Serum free 
terol, and fecal fat were determined. 

In the first experiment corn oil was added 
to the diet, either at the start or following a 
low-fat period of one or two weeks. Serum 
cholesterol dropped during the low-fat feed- 
ing in all cases but beta-lipoprotein choles- 
terol did not change. The addition of corn 
oil to the low-fat diet did not further reduce 
the cholesterol but consistently resulted in 
the decline of beta-lipoprotein cholesterol. 

In the second experiment 20 g. ethyl 
stearate were added daily to the low-fat 
diet, and was increased every three days by 
20 g. increments following a preliminary 
low-fat period. Serum cholesterol decreased 
during the first period, then plateaued. Fol- 
lowing ethyl stearate, the cholesterol drop- 
ped further and stabilized at a new low level. 
Lipid phosphorus decreased early in the 
low-fat period but returned to control levels 
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soon after. Beta-lipoprotein cholesterol 
changes were not consistent. Fecal fat rose 
as the stearate intake increased. 

In the second part of this experiment, soy- 
bean oil was freed of sterols and portions 
were hydrogenated to one-third and two- 
thirds of the original iodine number. After 
a preliminary low-fat period, two of the 
male subjects received the two-thirds and 
one-third hydrogenated products equaling 


30 per cent and 40 per cent ol calories, 
respectively. The development of steator- 
rhea and the effect on serum cholesterol 


resembled the experience with ethyl stearate. 
In the healthy 
volunteers and two post-polio patients were 


niacin experiment two 
fed a preliminary low-fat diet followed by 
doses of niacin ranging from 2 to 5 g. 
The 


cholesterol observed during the low fat per- 


per 
day for one week decline in serum 
iod was unaffected by the addition of niacin. 
The patient with a leg injury ate the ward 
diet ad libitum and received 3 g. of niacin 
per day. His serum cholesterol fell somewhat 
decreased 
sharply when the low-fat diet was fed. The 
female subject 


during this dietary period but 


with hypercholesterolemia 
and xanthoma tendinosum had been on a 
low-fat diet with supplements of corn oil. 
During a her 


cholesterol remained at about 600 mg. 


year’s observation serum 


per 
cent. Feeding of 3 g. per day of niacin re- 
sulted in a drop of 100 mg. per cent in her 
serum cholesterol in one month. 

Horlick states that his results with corn 
oil suggested a ‘‘neutral’’ function, in that 
serum cholesterol did not decrease further. 
On the other hand, the significant change in 
the transport form, lipoprotein cholesterol, 
suggested an active role for corn oil lipids. 
The experiment of H. Gordon and J. F. 
Brock (South African Med. J.32, 397 (1958)) 
also suggested an active role of unsaturated 
fat in depressing serum cholesterol. Ten 
men who received 50 g. of sunflower-seed 
oil daily for 23 and a half weeks experienced 
a drop in their average serum cholesterol 
from 247 mg. per cent to 213 mg. per cent 


De ee cl 
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by the end of the period. Although the sub- 
jects agreed not to modify their regular diet 
they did not gain weight, indicating that 
food intake was unwittingly restricted. 

In another experiment, W. D. Armstrong 
et al. (Proc. Soc. Exp. Biol. Med. 96, 302 
(1957)) administered 57 g. supplements of 
corn oil, olive oil, sunflower oil or butter fat 
to 141 subjects eating their usual diets for a 
nine-day test. Cholesterol rose slightly in 
the subjects receiving butter fat but fell a 
significant amount in the subjects ingesting 
the oils. Since weight gain was less than ex- 
pected, these authors believed that reduced 
intake of saturated fat may have been 
partly responsible for the reduction of 
serum cholesterol concentration. 

A. Keys, J. T. Anderson and ¥. Grande 
(Lancet I, 787 (1957)) have calculated that, 
while substitution of 1 ounce of sunflower- 
seed oil for 1 ounce of butter fat would 
reduce serum cholesterol by 20 mg. per 
cent in one month, the reduction in butter 
fat would be responsible for three-fourths of 
the decrease. Horlick points out that, while 
unsaturated fat may lead to a fall in serum 
cholesterol, it is difficult to know how much 
of the effect results from subconscious re- 
striction of saturated fats by the subjects 
studied. 
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The effect of hydrogenation of diet fat on 
the serum cholesterol level could have been 
the result of isomerization of fatty acids. In 
Horlick’s opinion, this could result in the 
inhibition of enzyme systems important to 
the absorption of fat. Similar results in rats 
fed saturated fat were reported by T. Lin, 
kK. Karvinen and A. C. Ivy (Am. J. Physiol. 
183, 86 (1955)). These authors believed that 
the unabsorbed fat either interfered with the 
esterification of cholesterol or caused its 
removal by dissolving it. 

The cholesterol lowering effect of niacin 
was limited and may have acted by a mecha- 
nism which was different from that of the 
low-fat diet or the unsaturated fats. 

This study emphasizes the complexity of 
the problem of clinical evaluation of serum 
lipid lowering effects. Even if one assumes 
that a decrease in serum cholesterol always 
benefits the arteries, then several problems 
remain. Brief dietary periods may not reflect 
the sustained effects of a given treatment; 
patients may vary greatly in response so that 
conclusions are difficult when only two or 
three subjects are compared; and effects with 
a simplified low fat basal diet may not be 
comparable to effects with a more varied and 
complicated food intake. This study suffers 
from many of the same limitations but the 
author’s discussion offers food for thought. 


FASTING IN HUMAN OBESITY 


Many distortions of the human diet have been used to treat obesity. Initiating treat 


ment with a pe riod of total fasting, rece ntly propose d. has many shortcominas 


The many approaches to the dietary treat- 
ment of obesity bear testimony to our funda- 
mental ignorance of the disturbances in 
caloric regulation and the general lack of 
success of therapeutic programs. Most 
physicians still place the greatest reliance on 
a simple caloric restriction achieved pri- 
marily at the expense of dietary fat. Others 
have advocated more profound alterations 
in dietary composition. Earlier reviews have 
described A. W. Pennington’s claims of 


accelerated weight reduction with a diet 
composed largely of protein and fat and 
essentially unrestricted in calories (Nutrition 
Reviews 10, 109 (1952); 18, 259 (1955)). 
The high satiety value of such a diet has led 
many to suspect that it exerts its effect pri- 
marily through caloric restriction. On the 
other hand, the use of a high proportion of 
fat with relatively low levels of protein in- 
take, has been reported to be more effective 
in reduction of weight than an isocaloric diet 
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high in protein or carbohydrate (Nutrition 
Reviews 15, 67 (1957)). 

Restriction of dietary protein has been 
used in low ealory diets, particularly in 
liquid form, by A. R. Feinstein, V. P. Dole 
and L. Schwartz (Ann. Int. Med. 48, 330 
(1958): Nutrition Reviews 16, 292 (1958)). 
However, it is not clear from the published 
reports that the effectiveness of such diets 
can be explained by their composition or by 
their more exact limitation of caloric intake. 
The use of protein restriction in diets has 
been criticised by N. Jolliffe (/. Ved. 
Assn. 161, 1633 (1956)). 

W.L. Bloom (Metabolism 8, 214 (1959)) has 
suggested that a period of fasting at the on- 
set of 
merit. 


Am. 


treatment of obesity might have 


He described observations on nine 
obese subjects who were subjected to com- 
plete fasting for periods of four to nine days 
under hospital One of the 
patients was fasted on two occasions for a 


supervision. 


total of ten days. The weight loss of the four 
male patients averaged 2.6 pounds daily for 
the aggregate period of 29 days, while five 
obese women lost an average of 2.7 pounds 
daily during a total of 25 days of fasting. Lit- 
tle subjective discomfort accompanied the 
fasting and many patients experienced a 
mild euphoria. The excretion of 17-hydroxy- 
corticosteroids did not increase during fast- 
ing in three individuals studied. 

Assuming that a pound of adipose tissue 
corresponds to 3000 to 3500 calories, the 
weight loss observed in these individuals ex- 
ceeds that which can be attributed to loss of 
adipose tissue. Most of the weight loss, there- 
fore, must be attributed to shifts in body 
fluids or the loss of lean body mass. Since 
one of the patients lost as much as 8 pounds 
on the first day of fasting, it is difficult to 
escape the impression that changes in body 
fluids were important. This possibility, how- 
ever, was discounted by the author because 
there appeared to be little correlation be- 
tween weight loss and urine volume. In 
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view of the fact that water intake was not 
controlled, the data are virtually uninter- 
pretable. 

The absence of information on nitrogen 
excretion during fasting is unfortunate. Al- 
though obese patients have been found 
capable of conserving nitrogen on caloric 
the 


excretion during fasting with that reported 


restriction, a comparison of nitrogen 
in individuals of normal weight would have 


been important. In any case, a negative 
nitrogen balance of major extent must have 
occurred during fasting. 

Certain the 


beginning of a weight reduction program are 


advantages of fasting at 
cited. These include the value of demon- 
strating weight loss to a patient discouraged 
by previous failure, who, upon discovering 
his ability to do without food, can more 
readily adjust to a subsequent restriction of 
calories. After listing these possible practical 
the 
states that it cannot be recommended as a 


gains from fasting, however, author 
routine procedure 

Nevertheless, the author’s enthusiasm has 
apparently been transmitted to three physi- 
cians in the community who have utilized 
this approach to the treatment of obesity. 
Moreover, the substantial weight loss asso- 
ciated with fasting may prompt others to 
employ this treatment as a routine proce- 
dure. 

For this reason, the undesirability of such 
an unphysiologic approach merits comment. 
Jolliffe (loc. cit.) has rightly stressed the 
importance of maintaining protein metabo- 
lism in any reducing regimen by stating: 
“It is axiomatic that every reducing diet 
should contain sufficient protein to guard 
against any deleterious effects of impaired 
nutrition.” The complete interruption of 
nutrition is not warranted even by the large 
weight losses which have been recorded. 
Because loss of body fat probably accounts 
for less than half of the weight loss, the 
therapeutic gains are outweighed by the 
possible hazard. 
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IRON CONTENT OF SWEAT IN ANEMIA 


No tron was found in the cell free sweat of patients with iron deficiency anemia. How 
ever, after iron therapy, iron was detected. The iron content of cell-rich sweat was lower 


in anemic than in normal individuals. 


In the sweat, in addition to water and 
sodium chloride, there may be losses of 
many other body constituents. H. H. 
Mitchell and T. 8S. Hamilton (J. Biol. Chem. 
178, 345 (1949)) reported that the body 
may lose in the thermally induced, cell-rich 
sweat as much as 6.5 mg. of iron per day, 
and that profuse sweating could increase 
such losses tenfold. 

Later, it was noted by W. 8. Adams, A. 
Leslie and M. H. Levine (Proc. Soc. Exp. 
Biol. Med. 74, 46 (1950)) that while 6 to 10 
mg. of iron could be lost per day in the cell- 
rich sweat, only negligible amounts of iron 
could be found in the cell-free sweat. They 
separated cell-free and cell-rich sweat by 
centrifugation, the cell-free sweat being the 
supernatant fluid after the cells were packed 
in the bottom of a centrifuge tube. Thus, the 
major portion of the iron in sweat is present 
in the products of cellular desquamation. 

H. Foy and A. Kondi (J. Trop. Med. 
Hyg. 60, 105 (1957)) reported that the iron 
content of cell-free sweat varied from 100 to 
200 micrograms per liter, while that of the 
cell-rich sweat was 0.3 to 6 mg. per liter. 
They suggested that the excessive losses of 
sweat in hot humid climates might be an 
important contributing factor in the devel- 
opment of an iron deficient anemia. In such 
climates, it has been noted that between 
two and eleven liters of sweat may be lost 
per day. 

Recently, R. Hussian and V. N. Patward- 
han (Lancet I, 1073 (1959)) have studied the 
iron content in the sweat of six healthy 
normal women and 17 nonpregnant women 
with microcytic hypochromic anemia (iron 
deficiency) in India. They induced sweating 
by immersing both feet and one arm for 
one hour in water maintained at 42 to 43° C, 
and collecting the sweat formed by the 
other arm in polyethylene bags. The sweat 


was then drained into a graduated centrifuge 
tube and a sample taken for analysis of the 
cell-rich sweat. Then after centrifuging at 
3000 r.p.m. for 15 minutes, the clear super- 
natant fluid (cell-free sweat) was analyzed. 

The patients with anemia were studied as 
two groups, the first consisting of 12 individ- 
uals and the second of five. In addition to 
the iron content of the sweat, the hemo- 
globin level of the blood was studied in these 
patients and other hematological deter- 
minations made, both before and after iron 
therapy. Each patient received orally 178 
mg. of iron per day in the form of ferrous 
sulfate. The first group of 12 patients re- 
ceived it for 42 days and the second group 
for 28 days. 

The hemoglobin content of the blood of 
the six healthy women (considered as con- 
trols) ranged from 13.5 to 15.0 g. per cent 
with a mean of 14.0 g. per cent. During the 
one hour study period, between 3.5 and 9.2 
ml. of sweat were collected per individual, 
with a group average of 6.0 ml. The iron 
content of the cell-rich sweat was 1.61 + 
0.165 mg. per liter, while that of the cell-free 
sweat was 0.44 + 0.056 mg. per liter. 

Before iron therapy the anemic women of 
group one (12 individuals) had an average 
blood hemoglobin concentration of 7.9 
(5.1 to 10.5) g. per cent, but following 42 
days of iron supplementation the average 
hemoglobin level rose to 13.1 (11.7 to 14.2) 
g. per cent. Thus the replacement therapy 
allowed these patients to approach the 
normal range but not achieve it. Before 
therapy, the iron content of the cell-rich 


‘sweat was 0.47 + 0.073 mg. per liter, while 


following iron supplementation, it rose to 
1.15 + 0.073 mg. per liter. 

It was also striking that no iron was 
detected in the cell-free sweat of the anemic 
patients before therapy, but following 
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therapy 0.41 + 0.067 mg. of iron per liter of 
sweat was found. 

The second group of five patients received 
iron supplementation for 28 days, recovering 
partially the 
increasing from 6.8 to 11.6 g. per cent). 


from anemia (hemoglobin 
During this time, the iron content of the 
cell-rich sweat increased from 0.36 + 0.067 
to 0.93 + 0.067 mg. per liter. Also, the iron 
content of the cell-free sweat increased from 
zero to 0.032 + 0.064 mg. per liter. 
Summary: These investigators noted that 
the cell-free sweat from 17 patients with 
iron deficiency anemia contained no iron 
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and that the cell-rich sweat had only one- 
fourth to one-fifth the content found in the 
sweat of normal controls. After giving iron 
for either 42 or 28 days, it was then found in 
the cell-free fraction. Moreover, the level of 
iron in the cell-rich sweat increased signifi- 
cantly, believed to be caused by the in- 
creased iron content of the desquamated 
epithelial cells. However, the form of the 
iron in the cell-free sweat was not described. 

rom this study, it appears that, among 
other mechanisms, the body tends to con- 
serve iron in the anemic state by reducing 


losses through sweat 


CELIAC DISEASE 


T he long term outlook Jor patients with celiac disease has improved on gluten free 


diets. Specific 


the cases 


The relation of celiac disease to the inges- 
tion of wheat gluten and the fractionation of 
this protein showing that a glutamine con- 
taining peptide was the noxious agent in- 
volved, have previously been reviewed 
(Nutrition Reviews 11, 199 (1953); 14, 165 
(1956)). Several studies have fur- 
thered our knowledge of this disease. P. H. 
Boyer and D. H. Andersen (Am. J. Dis. 
Child. 91, 131 (1956)) coucluded that there 
was a significantly higher incidence of celiac 
disease, recurrent unexplained diarrhea and 
intolerance to fats and other foods in the 
pedigree of children with celiac disease when 
compared to a control group. These observa- 


recent 


tions have been confirmed by W. Sheldon 
(Pediatrics 23, 132 (1959)), who points out 
that there are a variety of precipitating 
factors in gluten sensitivity and that a 
genetic factor is probably only one. So far 
there has been no evidence for allergy to 
gluten or its components. 

Since the introduction of gluten-free diets, 
the death rate in celiac disease has fallen 
from 15 per cent to practically zero. Con- 
sequently, there is less opportunity for 
pathological studies than previously. How- 


pathologic and physiologic defects have been found in a large proportion of 


ever, biopsy of the duodenal mucosa in 
living patients has revealed some interesting 
findings. J. Sakula and M. Shiner (Lancet 
II, 876 (1957)) described a flattening of the 
surface of the lining membrane of the duo- 
denum with virtual disappearance of the 
villi. Similar findings have been reported in 
adults with idiopathic steatorrhea. Sheldon 
(loc. cit.) states that it is generally accepted 
that idiopathic steatorrhea in adults is the 
same pathological process as celiac disease 
in infants. 

H. A. Weijers and J. H. van de Kamer 
(Acta Paediat. 48, 17 (1959)) have subjected 
their gliadin tolerance test to a further 
analysis. They found that the rise of gluta- 
mine in the blood of celiac disease patients 
following gliadin ingestion was not caused 
by free glutamine (when measured by a 
specific enzymatic method), but probably 
by peptide-bound glutamine. They consider 
that the existence of peptide-bound gluta- 
mine in the circulating blood is a manifesta- 
tion of a specific enzyme defect probably 
existing in the intestinal mucosa, and that 
its own properties rather than an allergic 
state produce some of the manifestations of 
the disease. 
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Sheldon, based on the same hypothesis, 
has regrouped the symptomatology of celiac 
disease under three main headings. First 
are the alimentary symptoms (probably due 
to the defects in intestinal absorption) of 
diarrhea, distension, weight loss and prob- 
ably anemia. Second are the psychological 
manifestations such as depression, contrari- 
ness and possibly anorexia. The existence of 
psychological manifestations without major 
intestinal pathology have been described by 
G. Daynes (Proc. Roy. Soc. Med. 49, 391 
(1956)) in an article entitled “Bread and 
Tears—Naughtiness, Depression and Fits 
Due to Wheat Sensitivity.”’ The third group 
of manifestations is growth failure, which 
can also occur without severe intestinal dis- 
turbance (A.C. Frazer, Ibid. 49, 1009 (1956)). 

Data are now available from several years 
of follow-up on children treated with 
gluten-free diets. The practical details of 
such diets have been recorded by Sheldon 
(Postgrad. Med. 15, 79 (1954)). Present 
results may be compared with those of J. W. 
Gerrard et al. (Quart. J. Med. 24, 23 (1955)), 
who found that none of 32 children treated 
without gluten-free diets had completely 
recovered. 
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Sheldon reports on the treatment of 95 
cases. They were all below average for height 
and weight previous to treatment. During 
the first six months on the gluten-free diets, 
the growth in height accelerated by 30 per 
cent and the growth in weight by 300 per 
cent. After six treatment, the 
height gain continued but the weight gain 
slowed to approximately 10 per cent above 
normal. On restoring gluten to the diet, the 
average growth rate slowed. Among 95 
vases there were only 23 clinical relapses on 
return to gluten-containing diets. In 11 of 
these the intestinal symptoms of the disease 
recurred, and in 12 the only adverse manifes- 
tation was growth retardation. 

In summary, the treatment of 
disease with gluten-free diets has improved 
the long-term outlook for these patients. 
The disease is characterized pathologically 


months 


celiac 


by a specific lesion in the duodenal mucosa, 
and physiologically by the presence of an 
abnormal glutamine-containing peptide in 
the serum in a proportion of cases. The dis- 
ease spectrum has been found to be variable 
with psychologic and growth depressing 
actions which may occur alone in at least a 
few instances. 


IRON DEFICIENCY ANEMIA FOLLOWING PARTIAL GASTRECTOMY 


Decreased iron absorption in some partially gastrectomized patients may result 
solely from the rapid passage of organic or coated inorganic iron through the gastro- 
intestinal tract functionally altered by operation. 


Some months or years after a subtotal 
gastrectomy, an iron deficiency anemia has 
been reported to occur in as high as 60 per 
cent of the patients. It has occurred more 
frequently after subtotal gastrectomy in 
pre-menopausal women than in men or 
post-menopausal women. 

Recently, W. Zingg, P. T. Green and E. J. 
Thomas (Gastroenterology 36, 806 1959)) 
studied 83 subtotally gastrectomized pa- 
tients by means of the iron absorption test. 
The rationale of this test is based upon the 
rise in serum iron concentration following 


the ingestion of an absorbable iron prepara- 
tion. The magnitude of the increase in the 
serum iron level has been found to be in- 
versely related to the body iron stores 

A fasting sample of blood was taken, after 
which the patients were given 40 g. of 
ferrous gluconate orally. The subjects were 
then permitted a small snack later in the 
morning and at 12 noon a second blood 
sample was taken. The serum iron was then 
measured. If the patient’s iron stores were 
normal the absorption was slight. On the 
other hand, when the iron stores were de- 
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pleted the absorption of iron was greatly 
augmented. This was demonstrable by a 
significant rise in the serum iron concentra- 
tion four hours efter the oral ingestion of 
the ferrous gluconate. 

These studied a control 
group, patients with frank iron deficiency 
anemia, unoperated patients with peptic 
ulcer and a group of patients who were 
reported to have had 75 to 80 per cent of the 
stomach resected with a Polya type anas- 


investigators 


tomosis. The Polya anastomosis is one in 
which the entire upper end of the stomach 
is anastomosed to the jejunum just distal 
to the ligament of Trietz. Since after such a 
procedure the majority of patients show a 
loss of the gastric reservoir function, it is 
believed by many that this type of anasto- 
mosis is more frequently associated with 
anemia, undernutrition and dumping 
symptoms. 

The nonoperated ulcer patients and con- 
trol group showed essentially no increase in 
their serum iron levels four hours after the 
ingestion of the iron. The gastrectomized 
patients and nonoperated individuals with 
an iron deficiency anemia showed an in- 
crease in the serum iron concentration in- 
dicating a depletion of their iron stores. 

These authors stated that their findings 
did not necessarily imply that the iron 
present in food could be absorbed equally 
well by some of the groups of patients 
studied. They concluded from their study 
that the development of an iron deficiency 
anemia following partial gastrectomy could 
be attributed to a diminished utilization of 
organically bound iron or to occult blood 
losses. 

A. R. Stevens et al. (Ann. Surg. 149, 53/ 
(1959)) also studied the iron metabolism of 
patients, following a partial gastrectomy, by 
means of labeled iron techniques (Ie®* and 
Fe®), 

Earlier studies by members of this group 
(G. Pirzio-Biroli, T. H. Bothwell and C. A. 
Finch, J. Lab. Clin. Med. 61, 37 (1958)) had 
shown that individuals with normal erythro- 
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poiesis and iron metabolism had an average 
iron absorption of 6 per cent of the amount, 
while the nonoperated patients with un- 
complicated iron deficiency absorbed an 
average of 21.6 per cent of the ingested iron 
over a two week period after the radioactive 
iron was administered. 

In the 
partially gastrectomized patients who ex- 


studies by Stevens et al. five 
hibited an iron deficiency anemia had an 
average absorption of 3 per cent. From these 
results it appeared that patients after a 
partial gastrectomy are unable to increase 
dietary iron absorption in the presence of 
an iron deficiency. These workers concluded, 
therefore, that the pathogenesis of iron de- 
ficiency anemia following partial gastrec- 
tomy results from an impaired absorption of 
dietary iron superimposed upon already 
depleted iron stores. 

Zingg and his co-workers concluded that 
the iron deficiency in a majority of the 
partially gastrectomized patients 
study was evidenced by an increased ab- 


under 


sorption of iron in the form of ferrous glu- 
conate. On the other hand, Stevens et al. 
believed that the anemia was caused by an 
inability of such patients to absorb iron in 
normal amounts as demonstrated by radio- 
iron techniques. The former authors did 
state, however, that the impaired utilization 
of organically bound iron could not be ex- 
cluded in their patients. 

In the report by Stevens et al. a known 
amount of radioactive iron Fe®® was given 
with a standard meal containing 5 mg. of 
total iron. These workers also stated that 
postgastrectomy patients with an iron de- 
ficiency anemia readily responded to the 
administration of salts by 
mouth. Their five anemic postgastrectomized 
patients, although they showed a reduced 
absorption of organically bound radioiron, 
readily showed a return to a normal hemo- 
globin concentration when given 
sulfate. 

Therefore, it seems from the observations 
of these two research groups that inorganic 


soluble iron 


ferrous 
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iron in a soluble form can be readily ab- 
sorbed in subtotally gastrectomized patients, 
while organically bound iron is often inade- 
quately assimilated following such an opera- 
tion, in spite of the fact that the patient’s 
iron stores are suboptimal. 

This concept is substantiated by the re- 
ports of I. M. Baird, E. K. Blackburn and 
G. M. Wilson (Quart. J. Med. 28, 21 (1959)). 
In this study the authors demonstrated that 
a progressive fall in hemoglobin levels was 
noted over a ten year period in 233 male 
patients following a partial gastrectomy. A 
more abrupt fall in the hemoglobin concen- 
tration was noted in postgastrectomized 
women under 50 years of age. They also 
noted that the predominant anemia was an 
iron deficiency type and emphasized that 
only one case of megaloblastic anemia oc- 
curred in the 341 patients studied. 

The dietary intakes of 40 male and 40 
female gastrectomized patients were care- 
fully checked. Twenty patients of each sex 
were not anemic, while the other half 
showed a definite anemia. The dietary 
analysis of these groups showed that the 
iron, protein and total calories consumed 
per day were less in the women than in the 
men and were noticeably lower in the anemic 
subtotal gastrectomized patients than in 
the nonanemic patients of the same sex. 
Although the intake of these important 
nutrients was lower than that usually en- 
countered, they concluded that the anemic 
male patients were taking an adequate 
amount of iron (average of 11.5 mg. + 0.5 
per day), so that the anemia in these indi- 
viduals was believed to result from blood 
loss or malabsorption. The daily estimated 
iron intake of the women studied (non- 
anemic women 8.3 mg. + 0.5 and anemic 
women 7.3 mg. + 0.8) was below the 12.0 
mg. per day regarded as being necessary for 
the prevention of anemia while menstruation 
is continuing. 

In a series of nonoperated peptic ulcer 
patients, the hemoglobin concentrations did 
not decrease in relation to time. In some 
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ulcer patients who bled, the drop in hemo- 
globin concentration soon returned to the 
previous level when bleeding ceased and a 
normal dietary intake was resumed. They 
also demonstrated that alimentary bleeding, 
as judged by tests of fecal occult blood, was 
no greater in patients after partial gastrec- 
tomy than in other peptic ulcer patients. 

The mean dietary iron intake of the 
anemic male patients was not sufficiently 
low to be the sole cause of the anemia. In 
female patients the mean daily intake of iron 
in the diet was below the level necessary for 
the maintenance of a normal hemoglobin 
level. In the majority of anemic patients a 
slow but ultimately satisfactory response was 
often obtained, as indicated by increased 
hemoglobin levels with oral inorganic iron 
therapy. 

Since they could not determine to what 
extent the malabsorption of iron from the 
diet after partial gastrectomy contributed 
to the pathogenesis of anemia, further 
studies were conducted (Baird and Wilson, 
Quart. J. Med. 28, 35 (1959)). In this study, 
radioactive iron Fe®*® was administered in 
the ferrous state and all feces were collected 
until less than 0.5 per cent of the admin- 
istered dose of radioactive iron appeared in 
the daily stool collection. In comparing the 
absorption rates of inorganic iron, the pa- 
tients who were anemic after partial gastrec- 
tomy showed a smaller but significant de- 
crease in the fecal recovery of Fe®*® (76 per 
cent of dose + 2.9) as compared to non- 
anemic preoperative peptic ulcer patients 
(85 per cent of administered dose + 1.8) 
and the same patients three months after 
partial gastrectomy (84 per cent of admin- 
istered Fe®* + 1.0). 

They concluded that inorganic iron was 
absorbed to a significantly greater extent in 
the anemic patients than in the nonanemic 
patients before and after operation. 

In order to determine the importance of 
organic iron taken with food, rabbits were 
given an intravenous injection of 100 micro- 
curies of Fe®*, which became incorporated in 
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the hemoglobin. After four days the animals 
were bled at intervals as required, and in- 
jections were continued so that 1 ml. of 
microcurie 
of Fe®*. Approximately 4 microcuries were 


rabbit blood contained about | 


used for each test. The blood containing Fe*® 
was added to distilled water, the mixture 
repeatedly frozen and thawed to ensure 
hemolysis and then centrifuged. Reference 
standards were prepared from the super- 
fluid amount of 
tagged hemoglobin plus 500 mg. of ascorbic 
acid and meat extract flavoring were given 
to the patient with either a light or full meal. 

No change in fecal Fe®’ recovery was noted 


natant and a measured 


before or from four to six weeks after partial 
gastrectomy in patients suffering from peptic 
ulceration the organically 
bound iron in conjunction with a light meal 


who received 
(bread 60 g., butter 15 g., and marmalade 
8 g.). In those receiving the full meal, the 
fecal recovery of Fe®* was increased after 
partial gastrectomy. In ten anemic post- 
patients given organically 
bound Fe®? with the light meal there was a 
slight, although not significant, increase in 


gastrectomy 


iron absorption. Similar observations were 
made in an additional four patients after 
partial gastrectomy, who were given a full 
meal. Despite the anemia there was no aug- 
mentation of iron absorption. 

These findings were in marked contrast to 
the results obtained in 12 iron deficient pa- 
with This latter 
group showed an absorption of iron that was 
significantly greater than in the patients 
similarly studied before operation. 


tients intact stomachs. 


These workers concluded that organically 
bound iron taken with a full meal was inade- 
quately absorbed in anemic patients follow- 
ing a subtotal gastrectomy but could be 
readily absorbed by iron deficient patients 
with intact stomachs. 

Earlier studies by 8S. J. Hartfall (Guy’s 
Hosp. Report. 84, 448 (1934)) demonstrated 
that anemia and undernutrition were most 
prevalent in postgastrectomized patients 
who demonstrated rapid gastric evacuation. 
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that “the 
anaemia following simple gastroenterostomy 


He emphasized hypochromic 
may be just as severe as that after partial 
gastrectomy.”’ He believed, therefore, that 
the anemia 


was related to the functional 


disturbance or disorganization which the 
gastric operation induced in the gastro- 


intestinal tract, rather than to the amount 
of stomach resected. Many of his patients 
were incapacitated by severe dumping 
symptoms. 

He was impressed by the fact that those 
with the 


symptoms not 


most profound gastrointestinal 
only showed the severest 
anemia but also, because of these symptoms, 
the patients had usually voluntarily reduced 
and modified their dietary intake. It was his 
impression that the poor nutritional intake 
occurred because the patient by eating less 
could minimize or avoid symptoms. By 
periodic fluoroscopic studies in the anemic 
symptomatic dumpers, he noted that the 
gastric remnant emptied very rapidly. 

His findings are best summarized by his 
own description which was as follows: ‘““Thus 
in almost all of these cases the meal simply 
shot through the stomach stump, which 
acted as little more than a temporary cul-de- 
He also ob- 


time of 


sac in a continuous passage.” 
that the transit the meal 
through the small intestine was very rapid, 


served 


and that often the barium meal reached the 
cecum prematurely. 

The findings of P. A. Owren (Acta. Chir. 
Scandinav. 104, 206 (1953)) correlates with 
the contributions of the previous authors. 
He reported on the pathogenesis of an iron 
deficiency anemia and showed by serial up- 
right x-rays of the abdomen, that Blaud’s 
pills (coated ferrous carbonate tablets) when 
ingested by partially gastrectomized pa- 
tients, passed rapidly into the ileum before 
disintegrating and often were intact when 
they entered the colon or were found in the 
stool. On the other hand, he noted a slow to 
normal gastrointestinal transit time of the 
orally ingested Blaud’s pills with their 
disintegration when the gastrectomized pa- 
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tient was kept in the recumbent position. 
There was a rise in the number of reticulo- 
cytes and in the hemoglobin concentration 
when the Blaud’s pills were taken by the 
patient in the supine position, or after a 
highly soluble form of liquid iron was given 
with the patient sitting or erect. This hema- 
tologic response was not noted if Blaud’s 
pills were given when the patient was in the 
erect position. 

Recent studies by C. A. Finch (J. Clin. 
Invest. 38, 392 (1959)) indicate that in the 
normal male and nonmenstruating female 
the total daily loss of iron, exclusive of 
blood loss, is 0.61 and 0.64 mg. respectively 
per day. Therefore Finch estimates that the 
greatest degree of anemia which may de- 
velop through normal iron loss and defective 
iron absorption in patients who are not 
losing blood, is equivalent to a decrease of 
about 2 g. of hemoglobin per 100 ml. of 
circulating blood or five points of the he- 
matocrit (per cent red cell volume) per year. 
Since the rate of development of the anemia 
in most of the patients studied by various 
aforementioned authors did not exceed these 
values and because many of the patients 
showed no evidence of gross or occult blood 
loss, the occurrence and pathogenesis of the 
anemia is consistent with the malabsorption 
of iron. 

Summary. It seems evident, therefore, 
that the most frequent anemia seen follow- 
ing gastroenterostomy or 
tomy may 


partial gastrec- 


occur because inadequate 
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amounts of iron are absorbed. This may be 
because (1) insufficient amounts of iron are 
consumed, (2) the iron is frequently in a 
bound organic or relatively insoluble form, 
and (3) the passage of the iron through the 
upper gastrointestinal tract, where maxi- 
mum iron absorption occurs, may be so 
rapid in some erect patients after a partial 
gastrectomy or gastroenterostomy, that a 
sufficient amount is not absorbed to meet 
the body’s needs. It is evident that in such 
patients blood loss from any source would 
deplete the body iron stores more rapidly 
and lead to the earlier occurrence of an iron 
deficiency anemia. 

The treatment or prevention of an iron 
deficiency anemia in these patients can be 
readily prevented or corrected by preventing 
any loss of blood and by administering iron 
in a utilizable form. This last can be ac- 
complished by giving a soluble form of iron 
parenterally or orally, or by giving iron not 
readily absorbed to the patient in the re- 
cumbent position. 

Since many partially gastrectomized pa- 
tients do not exhibit anemia, malnutrition 
and dumping symptoms, it seems likely that 
if the surgeon, in relieving the ulcer and 
correcting the hyperacidity, can at the same 
time preserve the functional capacity of the 
gastrointestinal tract (near normal gastric 
emptying and small intestinal transit time), 
such disabling postgastrectomy complica- 
tions may be avoided. 


LACTOSE UTILIZATION DEFECT IN INFANTS 


A congenital abnormality has been reported in two sibling infants preventing then 
from gaining weight after birth. This defect is an inability to utilize lactose in milk. 


In the young animal, a normal rate of 
growth is one of the indices of adequate 
nutrition. In the case of human infants, 
however, it is often difficult to determine 
the nutritional defect responsible for the 
failure to thrive. The cause of poor growth 
can be even more puzzling in breast-fed 


infants whose milk intake is adequate, 


particularly when there are no signs of 
disease. 

Recently, A. Holzel, V. Schwarz and K. 
W. Sutcliffe (Lancet I, 1126 (1959)) have 
reported two siblings whose lack of growth 
during early infancy appeared to be caused 
by an inability to absorb lactose. 

The first of the two children was a boy 








502 NUTRITION 


whose delivery was normal and whose birth 
weight was 8 pounds, 6 ounces. At the age 
of one week while being breast-fed, he 
began to have frequent and loose stools. By 
repeated weighings, it was found that over a 
24 hour period he had a milk intake of 24 to 
36 ounces. He taking 
spite of 


was his feedings 


ravenously. In appearing com- 
pletely healthy upon routine clinical and 
laboratory examinations, he did not grow 
and was still at his birth weight by the end 
of the fourth week. 

On examining the maternal milk, it was 
found that it had a normal protein and fat 
content, but contained only about 3.5 g. 
per 100 ml. of lactose. While human milk nor- 
mally contains about 7 g. per 100 ml. of this 
Milk obtained at 
during different portions of the feeding all 
gave similar results. 

Therefore, to increase the infant’s carbo- 


sugar. several occasions 


hydrate intake, one to two teaspoonfuls of 
cereal were added to expressed breast milk. 
Later this was increased to four teaspoon- 
fuls. The infant rapidly gained weight under 
this regimen, and by the age of three and 
one-half months he had doubled his birth 
weight. Mixed feedings gradually 
introduced and at the age of six months the 
child was weaned. He continued to gain 
weight rapidly and his birth weight tripled 
by the age of nine months. At the age of 10 
years, he is a strong, well developed boy. 
The second child was the sister of this boy 
and had a birth weight of 8 pounds, 12 


were 


ounces with normal delivery. After initial 


weight loss, the baby’s weight remained 
stationary for four and one-half weeks in 
spite of getting adequate amounts of breast 
milk. Moreover, maternal milk was found 
to be normal at this time. Supplementing 
this infant’s diet with a half cream-dried 
milk preparation containing added lactose 
caused some weight increase but at a sub- 
optimal rate. However, on receiving a dried 
milk preparation which had been supple- 


with sucrose, she gained weight 


mented 
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rapidly and at 15 months of age she weighed 
25 pounds. 

The absorption of lactose by the intestine 
was studied in these two children as well as 
in their parents, making use of the oral lac- 
tose tolerance test and measuring the in- 
crease in reducing sugar and galactose in 
the blood. The children received 3.5 g. of 
lactose per kg. of body weight up to a total 
quantity of 40 g., while each parent received 
80 g. of this sugar. Blood glucose was deter- 
mined at one-half, one, two and three hours 
after the ingestion of lactose. Tests for 
galactose in the blood were also carried out 
at these same time intervals. 

As control subjects, four normal infants 
were studied and an increase in blood glucose 
was found following the ingestion of lactose. 
Galactose also occurred in the blood of the 
normal infants, either one-half hour or one 
hour following lactose. In- 
creases in blood glucose and occurrence of 


ingestion of 


galactose in the blood were also noted in 
both the father and mother of the two chil- 
dren under special study. 

However, in neither of these two children 
was there any significant change in the fast- 
ing blood sugar, nor was galactose found in 
the blood. While other studies have indi- 
cated that the absorption of glucose and 
normal for both 
children, it appears that they could not ab- 
sorb lactose to any extent. Also, lactose was 


galactose was of these 


not found in the feces, suggesting that the 
bacteria in the intestine destroyed this sugar. 
No abnormal fecal flora were detected. 
Lactose is normally not absorbed as such, 
but is first hydrolyzed in the intestines into 
its component sugars, glucose and galactose. 
This hydrolysis is facilitated by a lactase 
present in the intestine. Thus, it might be 
inferred that these two children had a defect 
in intestinal lactase, and as a result, could 
not absorb lactose. Since lactosé is the only 
carbohydrate present in any quantity in 
milk and constitutes normally about 40 per 
cent of the total caloric value of milk, it is 
not surprising that the infants, since they 
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could not utilize the carbohydrate intake, 
failed to gain weight. By adding starch and 
other carbohydrates to the diet, one was 
able to give the infants sugar which they 
could utilize. The investigators are studying 
the heriditary factors in this disorder and 
should it prove to be of hereditary nature, 
they have suggested it be called “hereditary 
alactasia”’. 
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Thus, we have another addition to the 
long list of nutritional disorders preventing 
normal growth in the infant. However, this 
particular disorder appeared to 
definite etiology since the decrease in the 
ability of the child to absorb lactose was 
perhaps caused by a decrease in lactase 


have a 


activity in the intestine. 


THE REDUCTION OF SERUM LIPOPROTEIN AND CHOLESTEROL 
BY L-THYROXINE 


Intravenous administration of L-thyroxine reduced the low-density serum lipoproteins 
S;° 100-400. High-density lipoprotein and cholesterol were also reduced. 


Desiccated thyroid produced decreases in 
the concentrations of serum cholesterol and 
S,° 0-12 and S,° 12-20 low-density serum 
lipoproteins, according to the report of B. 
Strisower et al. (Lancet I, 120 (1957)). These 
results prompted Strisower, P. Elmlinger, 
J. W. Gofman and O. deLalla (J. Clin. 
Endocrinol. Metab. 19, 117 (1959)) to study 
the effect of long-term, intravenous injec- 
tion of L-thyroxine on serum lipoprotein and 
serum cholesterol concentrations. 

Schizophrenic patients were used. Physical 
examination and routine laboratory tests 
indicated that they were physically and 
metabolically normal. The L-thyroxine was 
the only medication they had received. In- 
cluded in the experimental group were 
eight men and eight women between 26 and 
49 years of age. The control group comprised 
two men and two women receiving no 
treatment. 

During the 16-weeks experiment weekly 
injections of 6 mg. of L-thyroxine were given. 
This dose was equivalent to the 325 mg. dose 
of desiccated thyroid used in the preceding 
report by Strisower et al. The control pa- 
tients received similar volumes of physio- © 
logical salt solution. 

Three blood samples were drawn at weekly 
intervals before therapy. After therapy was 
begun and at two-week intervals, blood 
samples were taken and the L-thyroxine was 


then injected. Low-density serum lipopro- 
teins S8,° 0-12, S,° 12-20, S,° 20-100 and 
S,;° 100-400 were determined and high 
density lipoproteins HDL-1, HDL-2 and 
HDL-3 and cholesterol were also analyzed. 
Weight, blood pressure and pulse were 
measured when the blood was sampled. 

Marked decreases in the concentrations of 
S,° 0-12 and 8,° 12-20 serum lipoproteins 
occurred as soon as L-thyroxine was started, 
and were maintained throughout the experi- 
ment. However when thyroxine therapy was 
stopped, the level of S,;° 0-12 rose at once 
and by four weeks the S,° 0-12 had ex- 
ceeded its initial level. But by 18 weeks the 
level had fallen below the initial value. 
Similarly, the §S,° 12-20 lipoprotein re- 
turned to the original concentration four 
weeks after stopping thyroxine. 

The mean §,° 0-12 initial concentration 
was 360.7 mg. per cent and the average 
decrease was 121 mg. per cent. In contrast, 
the average control value for S;° 0-12 con- 
centration was 379.7 mg. per cent with a 
mean decrease of 2.5 mg. per cent. For the 
S,° 12-20 lipoprotein, the average initial 
concentration was 55.8 mg. per cent while, 
during thyroxine therapy, the decrease aver- 
aged 24.1 mg. per cent. The controls aver- 
aged 54.1 mg. per cent and showed a mean 
decrease of 12 mg. per cent. 

Decreases in the 8,;° 20-100 and §,° 100 
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100 fractions did occur but were not sig- 
nificant. Both rebounded above initial levels 
two and four weeks after stopping L-thy- 
roxine, but returned to the initial level by 
18 weeks. 

The composite of low-density lipoproteins 
ranging from S° 0 to S° 400 averaged 541.1 
mg. per cent and decreased 155.8 mg. per 
cent. 

High-density lipoproteins HDL-1, HDL-2, 
HDL-3 made highly significant decreases 
during thyroxine therapy. The HDL-1, with 
a mean of 23.2 mg. per cent, decreased by 
1.2 mg. per cent. The HDL-2 mean initial 
value of 62.7 mg. per cent decreased by 
16.7 mg. per cent. The HDL-3 initial aver- 


age of 218.1 mg. per cent diminished by 
35.6 mg. per cent. The drop in HDL-2 was 


not maintained during the 16-week period 
but returned to the initial level by the tenth 
week. 

Cholesterol concentration averaged 229.1 
mg. per cent initially and dropped 65.5 mg. 
per cent during the thyroxine treatment, 
while the controls averaged 233.5 mg. per 
cent initially and decreased by 1 mg. per cent. 

Administration of u-thyroxine did not 
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alter systolic blood pressure, but diastolic 
pressure diminished markedly in all pa- 
tients. A similar lowering of diastolic pres- 
sure was observed by P. Menof (South 
African Med. J. 26, 967 (1952)) after the 
administration of 130 to 390 mg. per day of 
desiccated thyroid. In the experiments of 
Strisower et al. (loc. cit.), 325 mg. per day of 
desiccated thyroid did not alter diastolic 
blood pressure. 

The pulse rate increased in all patients 
receiving thyroxine, but no significant corre- 
lation could be demonstrated between in- 
crease in pulse rate and decrease in diastolic 
pressure. 

The effect of desiccated thyroid and L-thy- 
roxine on serum lipoproteins and cholesterol 
may be related to the increased metabolic 
rate and a consequent increased utilization 
of energy rich metabolites. 

The effects of 
might have been predicted, at least partially, 
hypo- 


thyroxine and thyroid 
from the clinical experience with 
thyroid patients since these patients tend to 
be overweight, and some observations indi- 
that 
cardiovascular disease. 


cate they are more susceptible to 


TESTOSTERONE AND ATHEROGENESIS 


Testosterone inhibited hypercholesterolemia but did not protect cholesterol-fed cockerels 


from aortic or coronary atherosclerosis. 


Castration of male or female chicks, with or 


without testosterone feeding, did not influence atherogenesis or hypercholesterolemia 
: g . ] /} 


It is well known that women have a de- 
creased severity and incidence of coronary 
heart disease (R. L. Levy, H. G. Bruenn and 
D. Kurtz, Am. J. Med. Sci. 187, 376 (1934); 
R. F. Ackerman, T. J. Dry and J. E. Ed- 


wards, Circulation 1, 1345 (1950)). The 
evidence that this protection is due to 
gonadal endocrines has been well docu- 


mented (A. U. Rivin and 8. P. Dimitroff, 
Circulation 9, 533 (1954)). 

Experiments of R. Pick, J. Stamler, S. 
todbard and L. N. Katz (Circulation 4, 
468 (1951)) demonstrated an inhibition of 
cholesterol-fed 


coronary atherosclerosis in 


chicks receiving estrogens. Other studies 
carried out in mature hens and roosters fed 
cholesterol that more 
resistant to this type of induced coronary 
atherogenesis. Ovariectomy the 
“immunity”, while administration of estro- 
gens protected male chicks. 


indicated hens are 


removed 


Since some of the physiological functions 
of estrogens are antagonized by androgens, 
it is important to determine whether andro- 
gens have a role in increasing the incidence 
or severity of coronary atherosclerosis. 

In one of the few studies of the effects of 
estrogens and androgens in mammals, M. 8 
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Moskowitz, A. A. Moskowitz, W. L. Brad- 
ford, Jr., and R. W. Wissler (Arch. Path. 61, 
245 (1956); Nutrition Reviews 16, 140 (1957)) 
fed male or female rats, either intact or 
castrated, a high fat diet containing choles- 
terol. Rats from all groups were injected 
with testosterone propionate, estradiol or 
sesame oil, and serum lipids and coronary 
arteries were studied. The long term treat- 
ment with protected against 
coronary atherosclerosis. Although the num- 
bers of rats were few, the data suggested 
that androgens also protected against coro- 
nary lesions. 

R. Pick, J. Stamler, 8. Rodbard and L. N. 
Katz (Circulation Res. 7, 202 (1959)) also 
have studied the effects of androgens and 
castration on atherogenesis in chicks. Chicks 
were fed high fat-cholesterol diets either with 
or without parenterally administered andro- 
gen given at various dose levels. In a second 


estrogens 


procedure, male and female chicks were 
castrated and evaluated either with or with- 
out testosterone. 

Cholesterol was included in the diet at 
levels of 0.5 per cent, 1 per cent or 2 per cent. 
Testosterone dosages ranged from 50 micro- 
grams to 100 mg. in five groups, which were 
compared with five similar groups not re- 
ceiving testosterone. Comb index, the prod- 
uct of greatest height and length of comb, 
indicated that the injected androgen was 
effective metabolically. Other data included 
plasma total cholesterol, the ratio of total 
cholesterol to phospholipid, the incidence, 
grade and extent of aorta and microscopic 
coronary atherogenesis. 

Hypercholesteremia was retarded in cho- 
lesterol-fed cockerels injected with testos- 
terone. For example, in a series in which 10 
to 15 week old birds were fed 1 per cent 
cholesterol for five weeks the plasma total 
cholesterol averaged 637 mg. per cent in the 
group without testosterone. The injected 
birds each received 10 mg. of testosterone 
propionate daily and had an average cho- 
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lesterol of 292 mg. per cent. In another 
series, the average total cholesterol dropped 
from 342 mg. per cent in the untreated 
group to 194 mg. per cent in the group 
given 25 to 100 mg. of testosterone propio- 
nate per bird per day. 

The cholesterol phospholipid ratio in one 
untreated group was 1.81. In the correspond- 
ing group receiving 10 mg. of testosterone 
the ratio dropped to 1.23. In another series 
it was 1.31 and fell to 1.09 in the group 
receiving 25 to 100 mg. of testosterone. 

The incidence of gross atherogenesis was 
diminished by 11 to 12 per cent in groups 
getting 3 mg. and 10 mg. of testosterone 
respectively, but remained unchanged in the 
group receiving 25 to 100 mg. of testosterone. 
The incidence of coronary 
lesions in the group getting 10 mg. of testos- 
terone decreased from 100 per cent to 62 
per cent. In the series getting 25 to 100 mg. 
of testosterone the untreated group had an 


microscopic 


incidence of microscopic coronary athero- 
genesis of 57 per cent which decreased to 44 
per cent in the group getting testosterone. 
Neither male nor female chicks showed 
any effect from castration, and testosterone 
effect 
atherogenesis in these birds. 


had no on hypercholesteremia or 
The effect of large doses of testosterone in 
inhibiting hypercholesteremia was observed 
by H. Y. C. Wong, R. L. Simmons and E. W. 
Hawthorne (Fed. Proc. 15, 203 (1956)). 
These authors, however, reported decreased 
atherogenesis in testosterone treated birds. 
J. Stamler et al. (Proc. Conference on Hor- 
mones and Atherosclerosis, Brighton, Utah, 
New York Academic Press, 1959) has indi- 
cated that affect the 
ability of estrogens to protect against coro- 


androgens do not 


nary atherosclerosis in _ cholesterol-fed 
cockerels. 

In spite of the considerable work that has 
been done on the experimental effects of 
estrogens and androgens on atherogenesis, 


the results are still not clear cut. The rabbit 








306 


appears to react differently from the chicken 
(L. C. Filhos and G. V. Mann, Circulation 
Res. 4, 406 (1956)). The rat reaction, while 
similar in the results 
noted in the chicken, appears to be more 
dose dependent (R. E. Priest, M. T. 
Schroeder, R. Rasmussen and R. W. Wissler, 
Proc. Soc. Exp. Biol. Med. 96, 298 (1957)), 
and to produce different effects on serum 
cholesterol. 


many respects to 


Thus it is evident that we do not under- 
stand the mechanism by which sex hormones 
alter the incidence of arteriosclerotic disease 
in man or experimental animals. Nor is it 


NUTRITION 





REVIEWS [Vol. 17, No. 10 
clear why coronary lesions are most affected 
by hormonal factors. While the phospholipid 
values appear to rise consistently following 
estrogen administration in rats and chickens, 
the reason for this rise and the role it plays 
in the prevention or reversal of lesions is not 
yet clear. Nor is it clear whether this is a 
consistent phenomenon in man. 

Endocrine alterations of this type may 
turn out to be a very potent and reasonably 
physiological method of controlling coronary 
disease, but much more work must be done 
before this will well-established 
well-understood biological reaction. 


be a and 


VITAMIN B, AND ALCOHOL 


Vitamin By. seems to exert some of its effects by promoting the synthesis of methyl 


groups. It can, to a considerable extent, overcome a possible inhibitory effect of alcohol 


in this regard 


Aside from its apparent roles in (1) stimu- 
lating the regeneration of red blood cells, (2) 
increasing growth and improving protein 
utilization, and (3) increasing appetite and 
food intake, vitamin By» is also involved in 
some manner in the synthesis of methyl 
groups (M. A. Bennett, J. Biol. Chem. 187, 
751 (1950); J. A. Stekol and K. Weiss, Jbid. 
186, 343 (1950)) and has a lipotropic effect 
in animals on diets deficient in choline and 
methionine (V. A. Drill and H. M. McCor- 
mick, Proc. Soc. Exp. Biol. Med. 72, 388 
(1949); McCormick and Drill, /bid. 74, 626 
(1950); P. Gyérgy and C. 8. Rose, Ibid. 73, 
372 (1950)). 

In this latter connection, E. P. Ralli, 
M.E. Dumm and B. Laken (J. Nutrition 67, 
41 (1959)) have recently studied the effect 
of this vitamin on nitrogen balance, serum 
albumin concentrations, liver nitrogen and 
fat, and in preventing the damaging effects 
of alcohol to the liver. 

Female rats were started on a diet deficient 
in vitamin By, (mainly soy bean meal) at 42 
days of age. After 14 days on the deficient 
diet, the animals were divided at random 
into two groups. One group was continued 


on the diet alone. The other group was given 
daily subcutaneous injections of 7.5 micro- 
grams of vitamin By». After 21 days of vita- 
min By. administration, each group of ani- 
mals was again divided into two subgroups, 
one of which was given a drinking solution 
of 15 per cent ethyl alcohol instead of tap 
water. At the end of 28 days the animals 
were killed. 

Administration of vitamin By. was asso- 
ciated with an increased rate of growth (60 g. 
total gain for vitamin By»-treated rats and 
25 g. total gain for control rats, in 40 days). 
Fifteen per cent of ethyl alcohol resulted in 
a complete cessation of growth in the defi- 
cient rats not receiving B,. supplementation, 
and a decreased rate of growth in the rats 
receiving vitamin By». In fact, the rats on 
alcohol plus vitamin B,. continued to grow at 
a rate almost the same as that of the vitamin 
Bi2-deficient rats receiving tap water. 

Vitamin By. administration was associated 
with a marked increase in food intake. This 
was also true when the rats received alcohol. 
Although throughout the experiment the ni- 
trogen balance of the rats treated with vita- 
min By was slightly greater than for their 
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pair-fed controls, these differences were not 
statistically significant. Aleohol resulted in 
decreased nitrogen retention both in animals 
treated with vitamin Bie defi- 
cient rats. 


and in 


Under conditions of paired-feeding, the 
administration of vitamin By had no sig- 
nificant effect on the percentage of plasma 
albumin (as compared to total plasma pro- 
tein). However, in the ad libitum-feeding 
experiment, vitamin By. was associated with 
a consistent decrease in the percentage of 
albumin, which was further decreased by al- 
cohol administration. The concentration of 
total proteins was not affected by any of the 
dietary regimens employed, which implies 
that one of the other plasma protein com- 
ponents was elevated under conditions of 
deficiency and alcohol intake. 

In the ad libitum experiments, the vitamin 
Bie-deficient diet was associated with a low 
liver nitrogen (2.11 per cent) and elevated 
liver fat (30.1 per cent). Supplementation of 
the diet with vitamin By. reversed this con- 
dition (nitrogen 2.76 per cent and fat 13.6 
per cent). In spite of their limited intake, the 
pair-fed animals also displayed a lipotropic 
effect of vitamin B,.. The composition of the 
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livers of the ad libitum-fed rats receiving 
aleohol was not significantly different from 
that of the rats receiving water. 

In the ad libitum-fed rats, vitamin By» 
was associated with lower adrenal choles- 
terol levels expressed either as milligrams 
per 100 g. of body weight or as percentage of 
adrenal tissue. No significant cholesterol 
changes were seen in pair-fed rats. Micro- 
scopic sections of the livers from animals 
treated with vitamin B,. showed much less 
fat than did the sections from deficient rats. 
This was also the case when alcohol and vi- 
tamin By» were given. 

The lipotropic effect of vitamin By. was 
observed in both the paired-feeding and the 
ad libitum experiments, thus apparently 
having no relation to increased food intake 
or growth. In an additional experiment, 
casein was provided as the source of protein 
but the total protein remained the same. No 
lipotropic effect was noted. The fact that 
this effect was not observed in the casein ex- 
periments, in which the total protein was 
the same but the content of methionine was 
higher, suggested to the authors that the 
critical factor was the role of vitamin By. in 
the synthesis of methyl groups. 


PROTEIN LEVEL IN PROTEIN ASSAYS 


Comparison of nutritional values of egg albumin and wheat protein is highly influenced 


by the level of protein fed in the diet, a fact of practical importance in evaluating protein 


for animal or human nutrition 


Many investigators have observed that 
the nutritional value of wheat protein can 
be improved by the addition of the amino 
acid lysine. Yet in some studies with labora- 
tory rats, the supplementation of wheat 
protein with lysine failed to bring its nutri- 
tional quality up to that of animal proteins. 
Because of the recognition that the true 
biological value of protein decreases with 
increasing protein concentration in the test 
diet, there was a tendency in many of these 
investigations to use diets containing only 
12 per cent protein or less. However it was 


pointed out that, while animal proteins 
usually exhibit their highest efficiency when 
fed at low dietary levels (8 to 12 per cent), 
the efficiency of the cereal proteins increases 
as their dietary level approaches 20 per cent 
(R. H. Barnes, J. E. Maack, M. J. Knights 
and G. O. Burr, Cereal Chem. 22, 273 (1945); 
R. H. Barnes, and D. K. Bosshardt, Ann. 
N.Y. Acad. Sci. 47, 273 (1946)). 

In a recently reported and carefully 
designed experiment, the efficiency of wheat 
protein, with and without lysine supplement, 
has been compared with that of egg albumin 
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at both the 8 and 15 per cent dietary levels 
(R.S. Harris and D. A. Burress, J. Nutrition 
67,5 19 (1959)). 

The 8 per cent wheat protein diet used in 
these studies contained 62.5 per cent wheat 
flour (70 per cent extraction), 28 per cent 
sucrose, 5 per cent corn oil, a 4 per cent salt 
mixture, and 0.5 per cent vitamin supple- 
ment. The 8 per cent animal protein diet 
used for comparison contained as the major 
constituents 9.8 per cent egg albumin, 54 
per cent wheat starch, and 26.7 per cent 
sucrose. The wheat diet was also supple- 
mented with 0, 0.31, 0.62, or 2.48 per cent 
of L-lysine hydrochloride, respectively. 

To compare these proteins at the 15 per 
cent dietary level, the egg albumin was in- 
creased to 18.54 per cent, and wheat gluten 
(at an 8.8 per cent level) was substituted for 
wheat starch. Lysine supplementation of 
wheat protein diet was again tried at levels of 
0, 0.59, 1.18, and 4.72 per cent, respectively. 

Male weanling rats served as test animals. 
Since body and liver protein storage, as 
measures of the efficacy of the diets, were 
major objectives, 12 rats were sacrificed at 
the beginning of the experiment in order to 
determine initial body composition. All diets 
were fed for a four-week experimental period 
and 24 individually-fed animals were in 
each treatment group. Half the animals of 
each treatment group were sacrificed midway 
through the experiment for comparisons of 
body and liver composition. 

Using growth as a measure of protein 
quality, it established that 
wheat protein was inferior to egg albumin at 
the 8 per cent dietary protein level. With 
lysine supplementation, wheat protein was 
improved three-fold with a 19 g. body weight 
gain in four weeks. But it was still greatly 
inferior to egg albumin, which produced 
gains of 91 g. in four weeks. The calculated 
protein efficiency ratios (g. gain per g. of 
protein consumed) were 0.25 for 
0.90 (approx.) for lysine-supplemented 
wheat, and 3.37 for egg albumin. 


was clearly 


wheat, 


At the 15 per cent dietary protein level, 
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wheat protein supplemented with 1.18 per 
cent of lysine resulted in a growth of 119 
g. in four weeks, which was superior to that 
obtained either with egg albumin (110 g. in 
four weeks) or with the higher or lower levels 
of lysine supplementation. Protein efficiency 
ratios for the lysine-supplemented wheat 
protein were likewise improved significantly. 
On the other hand, growth was again very 
inferior (26 g. in four weeks) on the unsup- 
plemented wheat protein diet. 

A comparison of the results obtained with 
wheat protein and egg albumin, when fed at 
8 and 15 per cent levels, indicated clearly 
that the level of protein fed had a very signif- 
influence. The findings further em- 
phasized that 


icant 


growth data and protein- 


efficiency ratios were not in themselves 
adequate criteria for establishing the nutri- 
tive value of the proteins under study. A 
study of the efficiency of carcass nitrogen 
storage revealed that on the 8 per cent pro- 
tein level the egg albumin diet was about 
three times more efficient than any of the 
wheat diets unsupple- 
mented with lysine). However, with the 15 
per cent protein diets there was a marked 
improvement in carcass storage of nitrogen 


(supplemented or 


per g. of protein nitrogen fed, particularly 
with respect to the wheat diets containing 
supplementary lysine. Nevertheless, in no 
instance did wheat protein supplemented 
with lysine equal the body protein synthesis 
attained on the egg albumin diet, as meas- 
ured by body nitrogen retention over the 28- 
day experimental period. 

The higher levels of lysine supplementa- 
tion used in these studies were five to eight 
times the levels necessary for bread flour 
Although these high lysine 
levels resulted in somewhat less total food 
consumption, there 


fortification. 
was no evidence of 
toxicity. 

Harris and Burress (loc. cit.) also caleu- 
lated the essential amino acid content of 
both the lysine-supplemented wheat protein 
diet and the egg albumin diet, and found that 
the amount of carcass protein synthesized 
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per g. of essential amino acids consumed was 
similar for the two diets. Relating this to the 
earlier-mentioned greater efficacy of the 
egg protein diet (in terms of g. protein syn- 
thesized per g. of protein consumed), it is 
probable that the high glutamic acid content 
of wheat protein was in effect diluting the 
essential amino acids. Hence, the greater 
net protein storage on the egg protein diet 
was with a intake of 
essential amino acids. 


associated higher 

These carefully conducted studies em- 
phasize that in protein evaluation studies 
recognition should be given to the level of 
protein that would be used in practice. The 
authors point out, for example, that when 
food is evaluated for human use the protein 
should be fed in the experimental diet at a 
level approximating that of the dietaries of 
human beings. Since the diet of the average 
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human being in the United States contains 
nearly 15 per cent protem, based on the 
authors’ calculations of food availability 
data and food consumption estimates, it 
was concluded that the 15 per cent protein 
diet more accurately served to evaluate the 
proteins of wheat than the 8 per cent protein 
diet. 

Since the concentration of the protein in 
low-protein foods (by removal of starch or 
fat) may affect adversely the quality of the 
protein, the authors suggest that all diets 
should contain a standard animal protein 
(5 per cent level) for evaluating low-protein 
foods. This would, in effect, measure the 
value of the 
test proteins. This suggested procedure is 
similar to the egg replacement method as a 
measure of protein quality (J. R. Murlin and 
H. A. Mattill, J. Nutrition 16, 15 (1938)). 


animal protein replacement 


PROTEIN DEPLETION AND ENZYMES 


Cattle appear to differ from other species studied with respect to alteration in activity 
of cellular enzymes following protein depletion 


Effects of dietary proteins on enzymes of 
various tissues of experimental animals have 
been extensively studied. Succinoxidase has 
received a major share of this attention. 
L. A. Elson (Biochem. J. 41, XXI (1947)) 
has reported that succinoxidase activities of 
rat and mouse livers are reduced when pro- 
tein is depleted. E. P. Beneditt, C. H. Stef- 
fee, T. Hill and T. L. Johnston (Fed. Proc. 
8, 350 (1949)) found that when rats were fed 
protein-deficient succinoxidase de- 
creased more rapidly than liver protein. 
M. H. Ross and J. O. Ely (J. Franklin Insti- 
tute 258, 241 (1951)) found that low protein 
diets resulted within 30 days in a decrease in 
lactic and succinic dehydrogenases in the 
livers of both young and adult rats. 

Other investigators have studied the ef- 
fects of protein depletion on enzyme activi- 
ties of dogs and rabbits, but no studies have 
been reported on enzyme levels in tissues of 


diets, 


ruminants following such depletion. For this 
reason R. L. Shirley et al. have carried out a 
series of investigations relating dietary pro- 
tein levels to enzymatic activities in heifers 
(J. Nutrition 67, 159 (1959)). 

Succinoxidase and lactic dehydrogenase 
were studied in the heart ventricles and gra- 
cilis muscles, and xanthine oxidase activity 
was assayed in the livers. Twenty Hereford 
heifers averaging 666 pounds were divided 
into four dietary groups and fed rations 
which provided 1.34, 1.06, 0.71 and 0.62 
pounds of crude protein per animal per day. 
The crude proteins were given in the form of 
cottonseed meal, cane molasses and Pangola 
hay. It was estimated that the respective 
rations contained 100, 77, 56 and 46 per cent 
of the digestible protein recommended by 
the National Research Council. Heifers were 
fed these rations a total of 160 to 180 days 
before being slaughtered. They were fed for 











310 NUTRITION 
112 days and then bred as needed with the 
result that 44 days later dietary groups one, 
two, three and four had three, four, one and 
three normal embryos respectively. Preg- 
nancy had no effect on activity levels of the 
enzymes studied. 

It was found that the heart had signifi- 
cantly less succinoxidase activity in heifers 
fed the two lower levels of protein. But a 
slightly lower level observed in the group re- 
ceiving 0.71 pounds of protein per day was 
not statistically significant. In gracilis mus- 
cle, on the other hand, the level of succinoxi- 
dase activity increased as the dietary protein 
was decreased. This was significant on a wet 
as well as on a dry-weight basis. The protein 
of the muscle decreased with dietary protein 
depletion but this decrease was not of the 
same magnitude as the increase in succinoxi- 
dase activity. 

Initially, approximately three times as 
much lactic dehydrogenase activity was pres- 
ent in the heart as in the muscle. Neither 
tissue was detectably influenced by the level 
of dietary proteins. It is unfortunate that 
this enzyme was not determined in the livers 
of these cattle as well, for heart is known to 
have an extraordinary capacity to utilize lac- 
tie acid. 

Xanthine oxidase of the liver increased in 
the groups receiving lower levels of protein 
in the diet, differing very much from results 
obtained by many workers (E. B. MeQuar- 
rie and A. T. Venosa, Science 101, 493 
(1945); J. N. Williams, Jr., P. Feigelson and 
C. A. Elvehjem, J. Biol. Chem. 185, 887 
(1950); W. W. Westerfeld and D. A. Richert, 
Proc. Soc. Exp. Biol. Med. 71, 181 (1949); 
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and W. W. Wainio et al., J. Nutrition 62, 565 
(1954)), who observed in mice, rats and dogs 
that this enzyme decreases in liver when di- 
etary protein is decreased. On the other 
hand, 8. B. Dhungat and A. Sreenivasan (J. 
Biol. Chem. 197, 831 (1952)) found that when 
liver slices from protein-deprived rats were 
incubated aerobically in serum containing 
glucose, xanthine oxidase activity was in- 
creased. 

In the present studies, the high protein 
group, which was lowest in xanthine oxidase, 
also was fed the lowest amount of molasses. 
The authors therefore asked the question: 
“Ts it possible that extra glucose from the 
molasses was present in the homogenates of 
livers from the low protein dietary group and 
caused a stimulation of the xanthine oxidase 
activity?”’ An alternative explanation is that 
the low dietary protein groups may have 
failed to utilize the vitamin E supplement 
Vitamin E-deficient 
have shown very high xanthine oxidase ac- 
tivity. 

Whatever the reason, the cattle in this 


given them. animals 


study also differed from other species studied 
with respect to the effect of protein defi- 
ciency in decreasing succinoxidase activity 
in the heart and increasing it in the gracilis 
muscle. W. W. Wainio et al. (loc. cit.) found 
no decrease in succinoxidase activity follow- 
ing such treatment in rats. Also M. H. Ross 
and J. O. Ely (loc. cit.) observed a decrease in 
the 


livers of rats, whereas in the present study 


the lactic dehydrogenase activity of 


no change in the activity of this enzyme was 


seen in the heart or muscle. 


ETHIONINE AND LIVER REGENERATION 


Ethionine was found to retard the regeneration of liver in partially hepatectomized 


rats. This effe ct was preve nted by methionine but not by choline supple mentation 


The growth of rats is retarded when they 
are fed a diet to which ethionine has been 
added, but this growth retardation is pre- 
vented by supplementation with methionine 


(H. M. Dyer, J. Biol. Chem. 124, 519 (1938); 
Reviews 3, 340 (1945)). The 
addition of ethionine may also cause a 
moderate accumulation of liver fat in rats, 
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and this, too, can be prevented by methio- 
nine. The toxic effect of ethionine has been 
attributed to the fact that ethionine inhibits 
the incorporation of methionine into pro- 
teins (M. V. Simpson, E. Farber and H. 
Tarver, J. Biol. Chem. 182, 81, 91 (1950)). 

Since prolonged administration of ethio- 
nine to rats causes pathologic changes of the 
liver which are prevented by simultaneous 
administration of methionine (H. Popper, 
J. de la Huerga and D. Koch-Weser, Am. J. 
Path. 28, 518 (1952)), L. L. Gershbein 
(Am. J. Physiol. 195, 670 (1958)) undertook 
to study the influence of ethionine adminis- 
tration on liver regeneration in partially 
hepatectomized rats. 

Adult rats weighing 200 to 280 g. were 
used in the study. After partial hepatectomy 
they were fed the various diets ad libitum 
for a period of ten and a half days. They 
were then killed and the livers were re- 
moved, dried and weighed. The amount of 
liver regenerated was calculated from a 
knowledge of the weight of the liver at the 
termination of the experiment and of the 
amount of liver removed during the partial 
hepatectomy. The basal diet was a commer- 
cial chow and to prepare the various experi- 
mental diets the compounds to be tested 
were mixed with the chow. 

A low level of pt-ethionine (0.05 per cent 
of the diet) caused very little weight loss but 
did depress liver regeneration slightly. How- 
ever, levels of 0.3 or 0.4 per cent caused 
quite a substantial weight loss (20 to 30 g.), 
and depressed liver regeneration markedly. 
For example, the amount of liver regenera- 
tion for one group of control animals was 
1.8 g. of dry liver, while for the group re- 
ceiving 0.4 per cent of pi-ethionine it was 
only 0.8 g. In another experiment where the 
control value was 1.6 g. the value for the 
group receiving 0.3 per cent of pi-ethionine 
was 1.0 g. These differences were statistically 
highly significant. 

The comparable values in an experiment 
in which the experimental group was given 
0.7 per cent of pt-methionine together with 
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pL-ethionine were, for the 
control, 1.84 g. and, for the experimental 
group, 1.62 g. This difference 
statistically significant. 

In a final experiment, the effectiveness of 
choline in reversing the effects of ethionine 
was tested. Also, S-ethyl-cysteine was com- 
pared for toxic action with ethionine. Choline 
at a level of 0.5 per cent of the diet was 
without effect in preventing weight loss and 
did not stimulate liver regeneration. Choline 
did, however, improve the histological ap- 
pearance of the livers by reducing the extent 
of nuclear changes, fibrosis and biliary hyper- 
plasia, but was not as effective as methio- 
nine. Liver fat values were not reported. 
S-ethyl-L-cysteine did not cause weight loss 
not did it prevent normal liver regeneration. 

The author states that results from ani- 
mals that lost more than 15 per cent of body 
weight were excluded from consideration, 
but apparently no attempt was made to 
correct for differences of as much as 40 g. in 
average body weight between control and 
experimental groups. The difference bet ween 
the amount of liver regenerated by the con- 
trol and the experimental group would in 
most cases have been smaller if the values 
had been expressed per unit of body weight. 
However, the effect of ethionine was so 
large in these experiments that such a correc- 
tion, would not have altered the relation- 
ships described nor the interpretation of the 
results. 

Nevertheless, in studies of this type, in 


0.3 per cent of 


was not 


which some of the experimental groups lose 
considerable weight while the control ani- 
mals gain under ad libitum feeding condi- 
tions, a very good case can be made for 
using a paired-feeding technique or for cal- 
culating the results on the basis of body 
weight. 

The results with ethionine feeding are 
particularly interesting in view of the recent 
observation of M. K. Lavers, L. E. Hal- 
langer and M. O. Schultze (Proc. Soc. Exp. 
Biol. Med. 97, 621 (1958)) that liver re- 
generation occurs readily in partially he- 
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patectomized rats fed a diet devoid of lysine. 


In order to correct for the rather large 
weight differences between the groups 


studied, they reported their values as a per- 
centage of body weight. They also included 
liver analyses to demonstrate that the com- 
position of the regenerated liver was not 
abnormal. Such results suggest that a reduc- 
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tion in food intake is unlikely to inhibit 
liver regeneration appreciably, particularly 
if the results are corrected for changes in 
body weight. 


This gives additional support to the 
observation of Gershbein (loc. cit.) that 


ethionine retards liver regeneration through 
its action as an amino acid antagonist. 


INFLUENCE OF STABLE STRONTIUM ON BONE GROWTH AND STRENGTH 


Stable strontium administration in the drinking water at 87.6 p.p.m 


did not alter 


the rate of bone growth, total ash content, nor the bone strength of rats 


Strontium has been of interest to investi- 
gators throughout the past two 
because its chemical similarity to calcium 
often causes it to behave in a similar physio- 


decades 


logical fashion as well. Injections of stron- 
tium salts have been used to mark the area 
of dentin in process of calcification. The 
effect apparently occurred because of a 
brief cessation of calcification of predentin 
followed by a region of hypercalcification 
(J. P. Weinmann, J. Dent. Res. 21, 497 
(1942); J. T. Irving and Weinmann, J/bid. 
27, 669 (1948)). This technique was a valu- 
able one, acting as a kymograph marker in 
experiments in which it was important to 
know where calcification was occurring at a 
given time. 

In others areas of investigation it has been 
postulated that strontium was essential for 
improving the quality of calcification and 
decreasing caries-susceptibility (Nutrition 
Reviews 8, 178 (1950)). The data in this 
experiment, however, were somewhat inde- 
cisive, and later experiments with hamsters 
indicated that strontium administration did 
not influence the dental caries experience 
(E. Johansen and J. W. Hein, J. Dent. Res. 
32, 703 (1953)). 

The influence of a moderate level of non- 
radioactive strontium ingestion on 
growth and bone strength has been deter- 
mined in young rats by W. B. Savchuck (J. 
Dent. Res. 38, 49 (1959)). The experimental 
diet containing 7.4 p.p.m. of strontium was 


bone 


fed ad libitum to all the 186 male rats in the 
beginning at weaning. After 
one day, the first group of 17 rats was 
sacrificed for analytical evaluations. The 


experiment, 


second group of 38 control rats and third 
group of 39 strontium-treated rats 
maintained for 90 days. The fourth group 
of 43 control rats and the fifth group of 49 
strontium-treated rats were maintained for 
180 days. The rats in the second and fourth 
groups received distilled water ad libitum 
while the rats in groups three and five re- 
ceived unrestricted amounts of a 0.002 N 
solution of strontium nitrate (87.6 p.p.m. 
strontium). Length, total volume, breaking 


were 


strength, mineral content and strontium 
content were determined for the femur, 


humerus and tibia. 

No evidence of chronic toxicity was ob- 
served in the strontium-treated rats on the 
basis of appearance and rate of increase in 
body weight. In addition, their long bones 
had no abnormality with respect to longi- 
tudinal and transverse growth, nor in gains 
in strength total 
Thus the observations made previously in 
adult rats, where no deleterious effects on 
breaking strength and length of the long 
bones were observed after the ingestion of 
stable strontium (Savchuck, J. Bone Joint 
Surg. 39A, 140 (1957)), have been extended 
to include the young period of rapid growth. 

In this experiment the concentration of 
strontium in the ash of the long bones of the 


and mineral content. 
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weanling rats varied from 0.0215 per cent 
for the humerus to 0.0242 per cent for the 
femur, which is close to the value of 0.0234 
per cent previously reported for the stron- 
tium content of the ash of human bones 
(Kk. K. Turekian and J. L. Kulp, Science 
124, 405 (1956)). It is an interesting com- 
mentary on the low strontium content of 
the diet that the strontium levels in the long 
bones of the control rats decreased during 
the experiment to about two-thirds of the 
original concentrations. On the other hand, 
the strontium concentration of the long 
bones of the strontium-treated rats in- 
creased by about tenfold in per cent 
ash during the experimental period. 

The per cent of strontium in the ash of 
all long bones was slightly greater at the 
end of 90 days than after 180 days. For 
example, the strontium content of the femur 
was 0.0242 per cent at weaning, 0.2550 per 
cent at 90 days and 0.2350 per cent at 180 
days. However, there is a greater absolute 
amount of strontium in the long bones at 
180 days by reason of the greater weight of 
the bones. For example, the absolute amount 
of strontium in the femur increased from 8 
micrograms at weaning to 746 at 90 days to 
943 at 180 days. It is interesting that during 
the 90 to 180 day period both the control 
and experimental rats showed a decidedly 
reduced rate of accumulation of strontium 
in the long bones when compared to that 
deposited in the first 90 days of the experi- 
ment. 


Apart from the data on the influence of 
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strontium ingestion on the well-being of the 
rats and on the growth and development of 
the skeletal structures, there are some valu- 
able data in this paper on the increase in 
breaking strength of the tubular bones. 
During the period from weaning until the 
end of the ninetieth experimental day, 
the average length of the femur increased 
from 18.9 mg. to 32.3 mg., an increment of 70 
per cent. Its average volume increased from 
0.148 ml. to 0.488 ml., an increment of 228 
per cent, and its average ashed weight in- 
creased from 33.2 mg. to 295.8 mg., an incre- 
ment of 786 per cent. 

In contrast, the average breaking strength 
in the same period had increased from 1.14 
pounds to 22.03 pounds, an increment of 
1829 per cent. A further increase in the 
average breaking strength of the femur to 
28.74 pounds occurred during the next 90 
days on experiment. 

This study on the influence of the inges- 
tion of strontium provides interesting data 
basic to further knowledge of its influence in 
the human body. With the urgency for 
knowing more about the metabolism of 
radioactive strontium, there needs to be 
increased emphasis on the metabolism of 
stable strontium. A logical sequel to the 
present study would be to maintain groups 
of rats for comparable periods on strontium 
ingestion and then cease the supplementa- 
tion for a period of maintenance on a low- 
strontium diet in order to determine whether 
the normal remodelling processes of the 
skeletal structures will cause any significant 
reduction in the strontium level of the ash. 


RELATION OF DIET TO CARIES ACTIVITY IN EXPERIMENTAL RODENTS 


An encouraging method of consistently initiating rampant carious lesions in the 
hamster is presented. Also, a complex study with some dubious conclusions on the re- 
lationship of developmental diet to caries susceptibility in rats is described. 


The interrelationship between the devel- 
opmental diet and caries-susceptibility, the 
influence of dietary components of the oral 
environment on caries activity, the need for 


an appropriate oral flora and the variation 
in susceptibility of rodents from species to 
species and from strain to strain within a 
species, have frequently been reviewed 








3dl4 NUTRITION 
(Nutrition Reviews 8, 37 (1950); 10, 2 
(1952); 11, 324 (1953); 12, 233, 315 (1954 
13, 29 (1955); 14, 275 (1956); 15, 292 
(1957); 16, 117 (1958)). The need for care- 
fully controlled studies is emphasized 
throughout. Ideal experimental procedures 
are needed, both for man and experimental 
animals, in order to unravel the present 
uncertainties in the cause and control of 
tooth decay and define the nature of the 
various interrelations of heredity, diet, 
nutrition, and oral flora. 
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The Syrian hamster has been a poten- 
tially useful subject in investigations on 
dental caries, but its usefulness has been 
hampered by intermittent breeding prob- 
lems, susceptibilities to intercurrent infec- 
tions and its unpredictable ability to develop 
carious lesions. P. H. Keyes (J. Dent. Res. 
33, 830 (1954)) outlined some of the prob- 
lems encountered in his attempts to induce 
carious lesions in a strain previously judged 
to be moderately caries-susceptible but 
which, in his trials, produced minimal caries 
activity. 

Recently, Keyes has reported results of 
three years’ work with over 1000 golden 
hamsters and 850 albino hamsters, develop- 
ing conditions which will induce rampant 
dental caries within 35 to 42 days after 
weaning (J. Dent. Res. 38, 525 (1959)). 
Normal breeding was obtained on a stock 
diet composed of equal parts of two different 
commercial diets supplemented with apples, 
carrots and kale twice a week to stock fe- 
males and daily to pregnant and nursing 
hamsters. After weaning, a semi-synthetic 
diet was fed which was composed of con- 
fectioner’s sugar 59 per cent, skim milk 
powder 27 per cent, whole wheat flour 6 per 
cent, alfalfa powder 3 per cent, 1:20 liver 
concentrate 2 per cent, whole liver powder 2 
per cent, and Wesson’s salt mixture 1 per 
cent. This diet when supplemented weekly 
with apples, carrots and kale was capable 
of producing grossly detectable carious 
lesions in 35 days in albino hamsters and in 
42 days in golden hamsters. When this 
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dietary regimen was maintained, gross 
various lesions were observed frequently in 
the upper second molars as early as ten to 12 
days after weaning. 

Ordinarily no evaluation of the dental 
caries activity of a hamster was made until 
after a test period on the cariogenic regimen 
had been followed by a 21 day period on the 
stock diet when soft food debris, plaque 
material, soft material were 
worn away, leaving clean tooth surfaces. On 
the basis of the oral scores, breeders could 
be selected to maintain the colony. 

In the studies during this 
period, it was found that hamsters brought 
into the laboratory from an outside source 
would develop relatively little caries during 
a 100 day test period on the cariogenic diet. 
However, their offspring had a high caries 
activity which has been maintained for 
seven generations. It was supposed that the 
females in the parental generation developed 
a “cariogenic”’ flora in the alimentary tract 
which was passed on to their offspring. 

Among the 2,000 hamsters studied, the 
males had a somewhat higher caries activity 
than the females while the albinos had a 
somewhat higher activity than the golden 
hamsters. The rate of weight gain among 
this population appeared to be unrelated to 
caries activity. 


and carious 


conducted 


In addition, equal caries 
activity was observed in hamsters from 
small and large litters. 

B. F. Watson and J. C. Muhler (J. Dent. 
Res. 38, 618 (1959)) have reported the re- 
sults of a study in which the diet of female 
rats during pregnancy and lactation was 
varied to the 
offspring. A 
stock diet was used composed of yellow corn 
grits 52.7 per cent, ground yellow corn 11.3 
per cent, powdered whole milk 30.0 per 
cent, alfalfa 4.8 per cent, iodized sodium 
chloride 1.0 per cent, and irradiated yeast 
0.2 per cent. The carbohydrate content of 
this diet would be about 60 to 62 per cent, 
with 49 to 50 per cent being starches and 
dextrins from the corn products and about 


determine its influence on 


caries-susceptibility of the 
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11.5 per cent lactose from the whole milk 
powder. A semi-purified diet was also used, 
containing sucrose 60 per cent, casein 30 
per cent, cottonseed oil 5 per cent, vitamin 
mixture 1 per cent, and Wesson salts 4 per 
cent. These ingredients were supplemented 
with 15 drops of percomorph oil per kilo- 
gram. Cottonseed oil replaced corn oil in a 
later modification of this diet. 

Very poor reproduction was obtained with 
the stock diet as well as with the diet con- 
taining cottonseed oil. With the stock diet, 
13 litters of 92 pups resulted from 16 breed- 
ings but only 54 rats were weaned. With the 
semi-purified diet, eight litters of 41 young 
resulted from 16 breedings but only nine 
rats were weaned. When corn oil was used 
instead of cottonseed oil, five breedings re- 
sulted in five litters with 50 pups, of which 
42 survived until weaning. Approximately 
half of the offspring were maintained on the 
diet fed their mothers, while the other half 
were fed the contrasting diet for a period of 
100 days beyond weaning. At the end of this 
period, the rats were sacrificed and scored 
for carious lesions. 

The four rats whose mothers had been 
fed the cottonseed oil, semi-purified diet 
during the reproductive cycle and who were 
continued on that diet themselves, remained 
caries-free, while their five littermates who 
were transferred to the stock diet had an 
average of 2.2 carious lesions. The 24 rats 
who had a pre- and post-natal exposure only 
to the stock diet had an average of 8.9 
carious lesions. On the other hand, their 25 
littermates who had been transferred to the 
purified diet had an average of only 0.4 
carious lesions. 

In the second part of the experiment, the 
corn oil containing semi-purified diet was 
fed to some of the females previously main- 
tained the other semi-purified diet. 
Twenty of their offspring continued on the 
same diet had an average of 2.0 carious 


on 
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lesions, and their 20 littermates maintained 
on the stock diet averaged 7.8 carious lesions. 

No significant differences were observed 
in enamel solubility, femur calcium, femur 
phosphorus, femur ash, blood glucose, blood 
calcium and blood phosphorus. The rate of 
salivary flow, somewhat 
greater for the rats born to mothers on the 


however, was 


‘semi-purified diet and transferred to the 


stock diet. The rats whose mothers received 
the stock diet and who received the stock 
diet after weaning, had the 
lowest rate of flow of saliva and the highest 
salivary viscosity. However, no statistical 
tests were presented to establish the signifi- 
cance of these differences. 

From these data, it can be unquestionably 
concluded that the stock diet when fed after 
weaning was more caries-producing than 
either of the two semi-purified diets. This 
observation was true irrespective of the 
breeding diet used. Presumably this differ- 
ence was caused by the coarse particles of 
corn wedged into the sulci of the molars and 
acting 
agents. 


themselves 


as overwhelming caries-initiating 

In addition, the authors conclude that 
their semi-purified diet with cottonseed oil 
caused a significantly lower caries-suscepti- 
bility in the offspring than in offspring of 
female rats fed their stock diet. In this re- 
gard, they point out that their results 
“differ absolutely” from those of R. F. 
Sognnaes (J. Am. Dent. Assn. 37, 676 (1948); 
Nutrition Reviews 8, 37 (1950)). However, 
such a strong statement seems unmerited in 
the 
group fed the semi-purified ration as well as 
the fact that neither their stock diet nor 
their semi-purified diet closely resembled 
those used by Sognnaes. Moreover, a differ- 


view of the small number of rats in 


ent strain of rats was used. Since an extreme 
spectrum of caries-susceptibility (from al- 
most total resistance to tremendous 
ceptibility) has been reported for rats, the 
genetic difference alone may be responsible 


for the different results. In the 


suc- 


current 
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study, the low caries incidence in any of the 
groups fed the semi-purified diet after the 
teeth had erupted is a good indication of the 
high caries-resistance of the strain used. 
Upon careful examination, the only con- 
clusion drawn from the data presented by 
Sognnaes (loc. cit.) was that in particular 
strains of rodents one specific natural diet 
had the capacity to develop more caries- 
teeth 
purified diet. The extension of his data to 


resistant than one specific semi- 
infer that any other natural diet would bear 
the same relationship to any other semi- 
purified diet is, therefore, unjustified. 

It is also noteworthy that throughout the 
studies by Sognnaes the total composition 
of the diets was considered the cause for 
differences in caries-susceptibility. Thus the 
implication throughout the study by Watson 
and Muhler that the carbohydrate moiety 
of the diets was responsible is unjustified as 
well. Indeed, in later studies Sognnaes and 
J. H. Shaw (J. Nutrition 58, 195 (1954)) 
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that the 


were 


presented evidence indicating 


differences between the diets more 
likely attributable to their differing mineral 
contents. 

In the latter Watson 


Muhler study in which the semi-purified 


part of the and 
diet with corn oil was used, the authors con- 
clude that the similar caries-susceptibility 
of the offspring on either the stock diet or 
on the purified diet is due to an “influence 
of the mother’s diet prior to pregnancy on 
the caries-susceptibility of the offspring’’. 
However, the results described were not 
sufficiently controlled to justify this con- 
clusion without more exhaustive experimen- 
tation. In all probability, the effect may be 
from the depletion of the mother during 
pregnancy and lactation. This is the reason 
that their 
caries-susceptible rodent colonies on purified 


some investigators maintain 
diets throughout many generations (H. D. 
Hall and Shaw, J. Dent. Res. 37, 912 (1958); 
N. P. Willett, J. B. Resnick and Shaw, /bid. 
37, 930 (1958)). 


NUTRITION AND LIPOGENESIS 


Ine reases 


in respiratory quotient and hexose monophosphate shunt act 


ity were found 


to accompany elevated hepatic lipogenesis in rats in three different nutritional states 


A loss of lipogenic activity has been ob- 
served in laboratory animals under such 
experimental conditions as inanition (G. E. 
Boxer and D. Stetten, Jr., J. Biol. Chem. 153, 
607 (1944)), fasting (E. J. Masoro, I. L. 
Chaikoff, S. S. Chernick and J. M. Felts, 


Ibid. 185, 845 (1950)), cold exposure 
(Masoro, A. I. Cohen and 8. 8. Panagos, 


Am. J. Physiol. 179, 451 (1954)), or the 
feeding of high fat diets (J. E. Whitney and 
S. Roberts, Jbid. 181, 446 (1955)). The 
effective result of these procedures is to de- 
prive the test animal of carbohydrate. 

In preliminary studies, V. C. Dickerson, 
J. Tepperman and C. N. H. Long (Yale J. 
Biol. Med. 15, 875 (1943)) had determined 
that obese rats (rendered so by surgically 


produced hypothalamic lesions) showed a 
higher glucose respiratory quotient (R.Q.) 
than did lean controls. Paired-feeding of the 
obese rats with the lean controls did not 
alter the results, but 
observed to eat their entire daily ration 
Intact trained to 
duplicate this feat also showed a significant 
increase in R.Q. as compared to the un- 
trained rats. 

Further investigation suggested that the 
relatively higher R.Q. of the trained group 
could be correlated with the appearance of 


the obese rats were 


within one hour. rats 


newly synthesized fat. These findings were 
interpreted to mean that there was an in- 
crease in the rate of lipogenic reactions in 
the trained rats. 
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In order to verify the hypothesis that en- 
hancement of lipogenesis is responsible for 
the elevated R.Q. of trained rats, J. Tepper- 
man and H. M. Tepperman (Am. J. Physiol. 
193, 55 (1958)) studied certain aspects of 
lipogenesis and carbohydrate metabolism in 
the livers of experimental animals which had 
been subjected to a variety of dietary 
regimens. Adult male albino mice or rats 
were used, as well as mice rendered obese by 
injections of aurothioglucose two to three 
months previous to the experiment. 

Some rats were trained to eat their daily 
ration in one hour, as in the earlier study. 
“Fasted”’ 


rats were those whose food was removed 24 


These are termed “trained”’ rats. 


or 48 hours before the experiment. In such 
cases where trained rats were also fasted, 
their food was removed after the one hour 
feeding period. “Refed” rats were those 
which had been fasted for 48 hours and then 
allowed access to a high-carbohydrate diet 
for 24 hours. 

A series of 12 experiments were performed, 
the first three of which involved a compari- 
son, under various dietary conditions, of 
lipogenesis by liver slices from non-fasted 
obese mice and lean controls. Liver slices 
both groups incubated with 
acetate-1-C™, after which the radioactivity 
of the extracted fat was measured. In both 
experiments one and two, the percentage of 
added counts recovered in the liver lipids 
of the obese group was significantly greater. 

However, the differences were more strik- 
(23.6 + 4.3 per 
cent for obese vs. 9.1 + 2.2 per cent for 
control) than in experiment one (9.9 + 1.8 
per cent for obese vs. 3.9 + 0.7 per cent for 
control). The explanation for this is that in 
experiment one the obese mice received a 
high fat diet for six weeks prior to the experi- 
ment and the controls were fed a commercial 
chow, while in experiment two both groups 
received the commercial diet. This explana- 
tion is supported by the work of R. Hill, 
J. M. Linazasoro, F. Chevallier and I. L. 
Chaikoff (J. Biol. Chem. 233, 305 (1958)), 


from were 


ing in experiment two 
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who found that livers from rats fed a diet 
devoid of fat had the highest capacity for 
converting C' into fatty acids, 
while 2.5 per cent of fat in the diet pro- 
duced a measurable depression, and 15 per 


acetate 


cent of fat caused a 90 per cent reduction in 
lipogenesis. 

In experiment three the commercial diet 
was replaced by a high carbohydrate diet. 
In this case there was no difference in the 
activity per unit of liver between the two 
groups, but activity per mouse was signifi- 
cantly greater for the obese group, owing to 
hypertrophy of the livers of these animals. 

Experiments four through nine were de- 
signed to compare the lipogenic activity of 
liver slices from trained rats with that of 
those from control rats fed ad libitum. In 
experiment the 
significantly 
higher proportion of labeled carbon from 
acetate-1-C' glucose-U-C™ into the 
lipid fraction. At the beginning of the incu- 
bation, the liver glycogen content of the 
trained 


four, liver slices from 


trained rats incorporated a 


and 


four 
times as high as that of the control animals 
in all cases. 

Experiment five showed that the difference 
in lipogenesis was significant even when the 
rats were starved for 48 hours, although 
there 


rats was found to be about 


overall 
lipogenic activity. Liver glycogen was the 
same in both groups under these conditions. 
Experiment six showed that the trained rats 
absorbed a given quantity of labeled glucose 
and synthesized glycogen and lipids, all at a 
significantly more rapid rate than the un- 
trained controls. 


was a drastic reduction in 


In experiments seven through nine the 
authors followed the changes in the lipogenic 
activity of trained rats with time after feed- 
ing. The activity, which was well below that 
of the control rats 90 minutes after feeding, 
was seen to increase during the 13 hour 
experimental period to values slightly higher 
than for control animals. 

Comparisons were then made of the rates 
of lipogenesis in liver slices from the control 
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and refed rats (experiments ten and eleven). 
The antecedent diet for the refed group in 
experiment ten was high in carbohydrate, 
while a commercial chow was used in experi- 
ment eleven. In both experiments, the lipo- 
genic activity of the livers of refed rats was 
much greater than for the controls (by a 
factor of approximately 3 in experiment ten 
and 6 in experiment eleven). 

Liver glycogen was also higher in the refed 
group, the difference being more _pro- 
nounced in experiment eleven. It was sug- 
gested that the unusually high initial gly- 
cogen values for the refed rats (12.03 + 
0.45 per cent as compared to 5.45 + 0.28 
per cent for the controls) was caused by the 
persistence, during the refeeding period, of 
the high rate of gluconeogenesis initiated 
during the fasting period. 

Since many workers have emphasized the 
metabolic interrelationships between the 
hexose-monophosphate shunt and _lipo- 
genesis, a twelfth experiment was performed 
in which a comparison was made of the 
hexose-monophosphate dehydrogenase ac- 
tivity in livers from control and refed rats. 
The liver preparations from the refed rats 
were observed to have significantly higher 
activity than the controls. The refeeding 
procedure was used in this experiment 
because experiment eleven had shown that 
this procedure produced the greatest in- 
crease in liver lipogenic activity. 

The results of this investigation provide 
further evidence for the existence of an 
intimate relationship between hexose mono- 
phosphate shunt activity and lipogenesis. 
The authors believe that sites of this inter- 
relationship may be those reactions involved 
in fatty acid synthesis requiring reduced 
triphosphopyridine nucleotides. When ab- 
normally large amounts of glucose must be 
metabolized (a condition produced by the 
refeeding experiment), the hexose monophos- 
phate shunt pathway assumes greater 
prominence, and the large quantities of re- 
duced triphosphopyridine nucleotides con- 
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sequently produced, allow acceleration of 
reactions involved in fatty acid synthesis. 
In order to further test this hypothesis, 
Tepperman and Tepperman (Diabetes 1, 
1:78 (1958)) continued their refeeding experi- 
ments, killing rats at three, six, 12, 24, and 
48 hours after the beginning of refeeding. 
Determinations were made of liver glycogen 
content, the rate of liver lipogenesis, and 
liver hexose-monophosphate shunt dehydro- 
genase activity. For the first six hours there 
was a direct correlation between lipogenesis 
and initial glycogen level, but at 48 hours 
lipogenesis was as active as at 24 hours while 
glycogen had decreased to half its original 
level. Hexose-monosphosphate shunt activity 
was three times as high at 48 as at 24 hours. 
From these relationships, the authors 
constructed hypothetical schemes for cellu- 
lar adaptation of the liver to such conditions 
diabetes, and excessive 
carbohydrate intake. It was postulated that 
in starvation or diabetes the rate of gluco- 


as starvation, 


neogenesis from amino acids is increased, 
but less glucose is metabolized via the 
Embden-Meyerhof or hexose monophos- 
phate pathways. Thus, reduced pyridine 
nucleotides are not produced in sufficient 
quantities to maintain a normal level of 
activity in metabolic pathways requiring 
this cofactor. However, glucose-6-phos- 
phatase activity is increased, thereby main- 
taining the supply of glucose for tissues 
which have the greatest requirement for this 
metabolite. Increased breakdown of fatty 
acids and amino acids also occur, yielding 
active acetate and ketone bodies. 

In refed animals the _ glucose-6-phos- 
phatase activity is diminished. This, plus 
the increased intestinal absorption of glu- 
cose, results in the formation of a large 
excess of glucose-6-phosphate, disposed of 
mainly through greater hexose-monophos- 
phate shunt activity. Since this yields 
reduced triphosphate pyridine nucleotides, 
the potential is increased for fatty acid 
synthesis. 
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NOTES 


Letter to the Editor 
Dear Sir: 

In a review entitled ‘‘Supplementation of 
Inefficient Protein” (Nutrition Reviews 17, 
91 (1959)) one of my papers was discussed 
(N. W. Fiodin, Am. J. Pub. Health 48, 
1316 (1958)). This paper included a descrip- 
tion of work carried out by various Du Pont 
investigators, as well as personnel of an in- 
dependent laboratory that had collaborated 
with us. Although references to the original 
reports had been given, it was a natural mis- 
take for the reviewer to ascribe all this work 
to “N. W. Flodin... 
implying that I was the senior investigator. 


and his co-workers’’, 


I would like to correct any such impression. 


The majority of the studies on the effects 
of low-quality protein diets on growth, 
reproduction and lactation of experimental 
animals were carried out by R. Culik and 
H. R. Rosenberg of Stine Laboratory, Du 
Pont Company (Food Technology 12, 169 
(1958)). Additional observations on growth 
and voluntary energy expenditure were 
made by J. W. Brown and N. W. Flodin of 
the Electrochemical Department, Du Pont 
Company, and E. Gray and E. Paynter of 
Hazleton Laboratories, Inc. (Cereal Chem., 
in press (1959)). 

Very truly yours, 

N. W. FiLopin 

Electrochemicals Department 

E. I. du Pont de Nemours & Company 


Promotion of Rancidity by Dietary Salts 


The dangers associated with oxidative 
rancidity of the dietary fat have been em- 
phasized many times (G. O. Burr and R. 
H. Barnes, Physiol. Rev. 23, 256 (1943); 
Nutrition Reviews 14, 28, 122 (1956)). In 
most cases, attention has been paid to al- 
terations induced in dietary constituents by 
fatty peroxides. However, it is also likely 
that various dietary constituents may in- 
fluence the development of rancidity either 
positively or negatively. 

M. R. S. Fox and O. Mickelsen (J. Nu- 
trition 67, 123 (1959)) recently compared 
the rapidity with which rancidity developed 
in diets differing only in the type of salt 
mixture. The diets contained casein (20 
per cent), carbohydrate (70 per cent), fat 
(cottonseed oil, 4 per cent) and salts (6 per 
cent). Rancidity was first noticed from the 
development of a rancid odor, and this 
criterion was used to assess the initiation of 
rancidity after it was found that the rancid 
odor could always be noticed when a defi- 


nite peroxide value was found. Color 
changes were also seen. The yellow color of 
added carotene was bleached soon after 


the rancid odor could be detected. In the 
absence of carotene, yellow spots with high 
peroxide values appeared very early. 

Of the three different salt mixtures used, 
two promoted development of rancidity in 
five days at 37° C, the third only after 21 
days. To determine which of the constit- 
uents might be responsible for accelerating 
rancidity, the individual constituents were 
tested at different levels. Only ferric phos- 
phate, copper sulphate and manganous 
sulphate were found to be effective. How- 
ever, although the 
uents were found, 
differences in 


accelerating constit- 
the reasons for the 
development of rancidity 
among the three diets were not apparent. 
One of the mixtures which promoted the 
more rapid development of rancidity con- 
tained all three 


constituents in smaller 


amounts than did the mixture which gave 
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the slow development. The authors were 
thus unable to explain the differences in 
the the different salt mixtures 
but pointed out that other factors in the 
mixtures might promote or depress the ac- 
the 


action of 


tion of iron, copper, and manganese 


salts. 

It was also apparent that other factors 
were important in the development of ran- 
cidity. For example, the rate of develop- 
ment of to be 


rancidity appeared 
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proportional to the particle size of the 
carbohydrate (glucose or sucrose). 

Thus, although the original problem was 
not completely solved, attention was di- 
rected to a very common problem and to 
the need for further research. As a begin- 
ning, the authors suggested that the citrates 
of iron, copper and manganese should be 
used in dietary salt mixtures since they 
may produce rancidity more slowly than do 


the inorganic salts. 


Protein Fractions in Gastric Juice 


While there have been extensive studies on 
the electrolyte content, acidity and activity 
of certain enzymes (pepsin and rennin) in 
gastric juice, little work has been done on 
the protein fractions. This was probably due 
in part to a lack of adequate methodology. 
The of migrating proteins 
under an electrical potential and, in particu- 
lar, the use of paper electrophoresis and 
starch columns have provided techniques 
for studying the large molecular weight 
components in gastric juice. 

Recently, I. Katzka (Gastroenterology 36, 
593 (1959)) has employed zone electrophore- 
sis on starch columns in order to study this 
problem. He studied the protein fractions in 
the gastric juice obtained from ten healthy 
individuals and 16 patients with duodenal 
ulcer, gastric ulcer, pernicious anemia or 
achlorhydria (a lack of hydrochloric acid in 
the stomach). In obtaining the gastric juice, 
“are was taken to discard all samples con- 
taining either bile or blood. Most of the 
gastric juice contained between 0.1 and 0.3 
g. per cent protein, and any sample with 
0.08 g. per cent or less was not used since the 
protein content was below the sensitivity 
limits of the procedure. 

Four different peaks (designated A, B, 
C and D) were noted in the electrophore- 
grams obtained from the gastric juice of the 
normal individuals. In the gastric juice of 
the seven patients with a duodenal ulcer and 


development 


the three patients with a gastric or marginal 
ulcer patterns were noted similar to those 
found in the normal individuals, with the 
exception that the C peak was in general 
higher. A similar phenomenon was noted in 
normal individuals who were given histamine 
phosphate to stimulate gastric secretion. 

On the other hand, the gastric juice from 
four patients with pernicious anemia in 
remis..on showed strikingly different elec- 
trophoregrams. The B peak contained almost 
the entire protein fraction of the gastric juice 
with only minimal A and C peaks being 
present. Moreover, the D peak was absent 
in all the patients with pernicious anemia. 
Two patients with an anacidity which could 
not be overcome with histamine had electro- 
phoregrams similar to those noted in pa- 
tients with pernicious anemia. The protein 
characteristics of the B peak are not known. 

It is of interest that inthe saliva of normal 
individuals the only protein found is one 
which migrates with the characteristics of 
the B peak. There is the possibility that this 
peak may be derived from swallowed saliva 
as well as from the gastric mucosa. The 
presence of saliva in large amounts in the 
gastric juice of patients with pernicious 
anemia or achlorhydria may be due to the 
lack of proteolytic activity in such stomachs. 
However, further studies need to be carried 
out before this question is solved. 
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THE NUTRITION FOUNDATION 


The Nutrition Foundation was organized by food and related manu- 
facturers in December, 1941, as a sincere expression of their interest in 
scientific progress and human health. The basic purposes of the Founda- 
tion are: (1) the development of a comprehensive program of fundamental 
research, providing basic information in the science of nutrition; and (2) 
the support of educational measures that will assist in making the science 
of nutrition effective in the lives of present and future generations. 


The publication of NUTRITION REVIEWS has been undertaken to 
enable professionally trained people to keep abreast of current progress 
and to have available an unbiased, authoritative review of the current 
research literature in the science of nutrition. 


The Editorial Staff has been carefully selected so that the publication 
will merit, in reasonable degree, the confidence of the medical profession 
and others who work directly with the public in the field of nutrition. The 
service provided by the publication is distinct from that of an abstract 
journal, a review for laymen, or an extensive scientific review. Since the 
reviews as originally prepared by a member of the Editorial Staff are fre- 
quently modified by special referees and may be further modified by the 
Editorial Office in preparing final copy for the press, the Editorial Commit- 
tee feels that it is preferable not to affix the names of Editorial Staff mem- 
bers to individual reviews. There is thus a high degree of group responsi- 
bility on the part of the Editor and Associate Editors. 


Signed articles do not necessarily represent the opinion of the Editorial 
Staff. 
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